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EFFECTS OF NITROGEN ON GROWTH AND ASH CONSTITUENTS 
OF ANANAS COMOSUS (L.) MERR.* 


O. P. Sipgeris ann H. Y. Youne 
(WITH EIGHT FIGURES) 


General 


The preferred nitrogenous fertilizer in commercial plantations of pine- 
apples is ammonium sulfate, according to JonNson (16). When sulfate of 
ammonia is used, the ammonium ion is oxidized to nitrate by soil microbio- 
logical activity, with an associated increase in soil acidity which renders iron 
more soluble. At the same time, both ammonium and nitrate ions are gen- 
erally simultaneously available to the pineapple roots. Sodium nitrate is 
generally inferior and usually produces an atypical light-green color in 
leaves and unripe fruit of the pineapple. When sodium nitrate is used 
under dry conditions, however, there may be accumulation of sodium bi- 
carbonate in the soil as reported by KetiEy and THomas (17) caused by a 
greater rate of uptake of nitrate than of sodium by roots and by soil micro- 
flora, a phenomenon likely to cause precipitation of iron in the soil and 
associated plant chlorosis. Efficient nitrogen fertilization of pineapple plants 
depends greatly on an understanding of the interrelationships of nitrate and 
ammonium ions with (a) the inorganic nutrient complex of the soil, that is, 
the relative concentrations of nutrient elements other than NO,- or NH,’; 
(b) the activities of the microflora in the soil; and (c) shifting of pH values, 
and changes of temperature and moisture affecting the concentrations of these 
ions in the soil. It is also important to know the nitrogen requirements of 
plants at different growth stages on the basis of nitrogen inventories within 
the soil and plant tissues. 

This paper reports plant weights attained by one-year-old Ananas 
comosus grown in solution cultures with 140.0 or 2.8 mg. of nitrogen in 
nitrate or ammonium form and the content of ash, water, relative electrical 
resistance, potassium, calcium, magnesium, phosphorus and iron in the 
tissue. 


1 Published with the approval of the Director as Technical Paper no. 164 of the 
Pineapple Research Institute, University of Hawaii. 
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Cultural, chemical and statistical methods 


Crowns, i.e., vegetative organs produced at the apical end of fruits, 
weighing approximately 100 gm. after sun curing and stripping of dried 
vestigial leaves, were suspended with bases in tap water for two weeks until 
roots developed. Plants with approximately 25 roots with an average length 
of 10 em. were then selected in groups of 16 per culture and transferred to 
five-gallon porcelain crocks containing the nutrient solutions reported in 
table I. These solutions, constantly aerated and their acidity adjusted 
within a range of pH 4.5 to 6.5, were renewed at two-week intervals. Four- 
teen plants were removed from each nutrient solution after one year’s growth 


TABLE I 


COMPOSITION OF VARIOUS NUTRIENT SOLUTIONS 











SALT PER 100 LITERS ELEMENTS PER MILLILITERS 























(GRAMS) ( MICROGRAMS ) 
SERIES SERIES 

SALTS ——| ELE- - 
NITRATE AMMONIUM | MENTS NITRATE AMMONIUM 
Hiexu- | Low- | Hien- | Low- Hienu-| Low- | Hiex- | Low- 

N* N* N N N N N N 

gm. gm. gm, gm. ¥Y Y Y Y 
Ca(NO,),*4H,0 | 118.08 2.36 0.00 0.00 N 140.0 2.8 | 140.0 2.8 
(NH,) S80, 0.00 0.00 | 66.07 1.32 Ca 200.0 | 20.0 | 200.0 | 20.0 
KH,PO, 6.81 6.81 6.81 6.81 K 48.8 | 48.8 48.8 | 48.8 
K,SO, 6.53 6.53 6.53 6.53 P 15.5 | 15.5 15.5 | 15.5 
CaCl, 0.00 | 10.10 | 56.00 | 11.20 S 18.1 18.1 | 178.1 | 21.3 
MgSO, - 7H,O 24.65 | 24.65 | 24.65 | 24.65 Mg 12.2] 12.2 12.1 12.2 
FeSO, -7H,O 1.39 1.39 1.39 1.39 Fe 2.7 2.7 2.7 2.7 
ZnSO, -7H,O 0.29 0.44 0.44 0.44 Zn 0.6 0.6 0.6 0.6 
H,BO, 0.28 0.28 0.28 0.28 B 0.5 0.5 0.5 0.5 
H,MoO,: H,O 0.02 0.02 0.02 0.02 Mo 0.1 0.1 0.1 0.1 
MnSO, - 6H,O 0.26 0.26 0.26 0.26 Mn 0.5 0.5 0.5 0.5 
Cl 0.0 65.0 360.0 72.0 



































* High-N = 140.0 mg. of nitrogen per liter. 
Low-N = 2.8 mg. of nitrogen per liter. 
and segregated into roots, leaves and stem. The leaves were further segre- 
gated into different age groups, and these and the stems were sectioned on 
the basis of differences in physiological functions in accordance with a tech- 
nique reported elsewhere (30). Chemical methods for the analysis of the 
various constituents of the tissues have also appeared in former publications 
(27, 28, 29, 31, 32). 
Calculation of the significance of the difference of the means of plant 


weights between different cultures was made by FisHER’s method (10). 
x-x! /(ny +1) (n,+1) 


t= 
s n,+n,+2 








Observations 


PLANT GROWTH 
Table II shows that leaf and stem weights of the high-N cultures were 
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greater than of the low-N cultures, but root weights were relatively greater 
in the low-N than high-N cultures. 

Ratios of weights of leaf, stem or root to plants for the various cultures 
are reported in table III and indicate that root weights in the low-N cultures 
gained at the expense of leaf and stem weights whereas in the high-N eul- 
tures the opposite condition obtained. 


TABLE II 


MEAN WEIGHTS OF TOTAL PLANTS, STEMS, LEAVES AND ROOTS OF ONE-YEAR-OLD 
PLANTS WITH CALCULATED ‘‘t’’ VALUES 

















Sunes or ITEMS N ] MEAN — CALCULATED 
COMPARED 3 Hicu-N* Low-N* ‘“t’? VALUESt 
gm. gm. 
Nitrate-N Total plants 14 3650 2375 11.64 
Ammonium-N 46 + 14 3070 | 2605 } 2.60 
Nitrate-N Stems 14 376 147 6.00 
Ammonium-N a 14 254 167 3.37 
Nitrate-N Leaves 14 2952 1755 26.30 
Ammonium-N “ 14 2660 2035 6.43 
Nitrate-N Roots 14 322 473 6.00 
Ammonium-N ‘4 14 156 403 13.72 

















* High-N = 140.0 mg. of nitrogen per liter. 
Low-N = 2.8 mg. of nitrogen per liter. 

t All ‘‘t’’ values indicated highly significant differences between means (p less than 
0.01) with the exception of value of 2.60, where significance level was slightly greater 
than p= 0.02. 

The ratios of stem or root to plant weights indicate that in the high-N 
cultures, stems and roots but not leaves, comprised a greater proportion of 


the total plant in the nitrate than in the ammonium series. 


WATER 

The water content of tissues, reported in figure 1, was generally higher 
in the high-N than in the low-N cultures in both series in the basal (no. 1) 
and transitional (no. 2) sections of the mature (C) and active (D) leaves 
and in the roots. Also, in the ammonium series it was higher in similar 
sections of the young (E) leaves and in the stem. The water content of all 
other sections, except the basal stem sections of the high-N cultures in the 
nitrate series, was higher in the low-N than in the high-N cultures in both 
series. 

TABLE III 


RATIOS OF WEIGHTS OF LEAVES, STEMS OR ROOTS TO PLANTS IN THE 
VARIOUS CULTURES 











NITRATE SERIES AMMONIUM SERIES 
ITEMS OF COMPARISON — : 


Hicu-N Low-N 








| 
| 
| 


Hicu-N Low-N 
Leaves to plants 0.810 0.739 0.866 0.782 
Stems to plants 0.102 0.062 0.083 0.064 





Roots to plants 0.088 | 0.199 0.051 0.154 
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Differences in the moisture content of comparable sections between high-N 
and low-N cultures had resulted either from differences in the amounts of 
meristematic to differentiated tissues in the basal (no. 1) and transitional 
(no. 2) sections of the mature (C), active (D) and young (E) leaves, or 
from differences in the amounts of stored organic or inorganic solutes in the 
chlorophyllose (no. 3, 4 and 5) sections of the leaves. Similar differences 
in the moisture content of the stem may also be accounted for by the differ- 
ences in the starch content. 

ASH 


Ash values, reported as mg. per gram of fresh tissue, in figure 2, were 
higher in the low-N than high-N cultures in all sections except the roots and 
the basal and medial stem sections of the nitrate series. However, the higher 
ash content of the low-N than high-N cultures in the nitrate series may be 
attributed to concentration effects which resulted from the lower plant 
weights in the former than in the latter cultures. Differences in the ash 
content of comparable sections between high-N and low-N cultures were 
generally greater in the ammonium than in the nitrate series. In the am- 
monium series the differences had possibly resulted from the antagonistic 
effects of high concentrations of NH, ions in the high-N cultures on the 
absorption of other cations by roots, especially Ca ions, which effects were 
lacking in the high-N cultures of the nitrate series. 

Total ash values per plant, reported in table IV, show that the high-N 
cultures in the nitrate series contained 40 per cent. more ash than the low-N 
cultures. However, in the ammonium series the ash content of the low-N cul- 
tures was 21.5 per cent. higher than that of the high-N cultures. The data 
further emphasize the fact that the low ash content of the high-N cultures 
in the ammonium series had resulted from a reduction of the rate of intake 
by roots of potassium, calcium and magnesium through the antagonistic 
effects of ammonium ions. In the nitrate series, although the ash content 
reported as mg. per gram of fresh tissue in figure 2 was higher in the low-N 
than high-N cultures, total ash values per plant, in table IV, were greater 
for the high-N than low-N cultures, indicating that the lower plant weights 
of the low-N cultures rather than a greater absorption of ash constituents 
raised the concentrations of the latter to higher levels in the low-N than 
high-N cultures. 

ELECTRICAL RESISTANCE 

Values of the relative electrical resistance (ohms) of the extracted sap, 
reported in figure 3, were indirectly proportional to the amounts of ash con- 
stituents. Factors directly affecting relative electrical resistance values are 
the concentration and degree of ionization of various inorganic and organic 
solutes in the sap, the latter not reported here because of their destruction 
during ashing. Electrical resistance values, being inversely proportional to 
the ionic content of the sap, were greater in the high-N than in the low-N. 
eultures in conformity with the salt content in the tissues of these cultures, 
as reported in figure 2. For example, comparison of the data in figures 2 
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and 3 reveals that the tissues of the terminal leaf sections (no. 5), being 
chronologically more advanced than of other sections in the same leaves, con- 
tained more salt and had lower values for electrical resistance than the less 
advanced tissues in other sections. However, this rule did not apply to the 
meristematic tissues of the basal sections (no. 1) of the young (E) leaves 
which, because of a greater growth rate presumably possessed a higher degree 
of metabolic activity and required possibly greater salt concentrations than 
the chronologically more advanced tissues of adjacent sections with a reduced 
rate of growth. 


PoTassIuM 


Potassium, reported in figure 4 as mg. per gram of fresh tissue, was 
higher for the low-N than high-N cultures in both nitrogen series except for 
the terminal (no. 4) sections of the old (B) leaves in the nitrate series. Com- 
parison of histogram heights in comparable cultures between the nitrate and 
ammonium series shows that potassium values for the high-N cultures were 
higher in the nitrate than ammonium series, whereas for the low-N cultures 
they were reversed. Total potassium values per plant, reported in table IV, 
were greater for the high-N than low-N cultures in the nitrate series, but in 
the ammonium series similar values were greater for the low-N than high-N 
cultures. 

The data reveal that potassium absorption by roots from nutrient solu- 
tions was enhanced by the high content of NO, ions in the high-N cultures 
of the nitrate series, but in the ammonium series it was greatly retarded by 
the high concentration of NH, ions. 


CALCIUM 


Calcium values, reported in figure 5 as mg. per gram of fresh tissue, were 
greater for the high-N cultures in the nitrate series and the low-N cultures 
in the ammonium series than for the opponent cultures in either series. The 
effects of nitrate-ions enhancing calcium absorption from nutrient solutions 
by roots and of ammonium-ions retarding calcium absorption are clear cut. 

Comparison of calcium values in the stem with those in the leaves shows 
that in the former organ they were many times greater than in the latter, 
possibly suggesting a higher rate of calcium absorption by the roots and 
transportation to stem than of translocation from stem to leaves. 

Total calcium values per plant, reported in table IV, were higher for the 
high-N cultures in the nitrate series and for the low-N cultures in the ammo- 
nium series than for the low-N cultures in nitrate and high-N cultures in the 
ammonium series. The data on calcium, calculated either as mg. per gram 
of tissue or as total calcium per plant, indicated that NO, ions in the nitrate 
series increased and NH, ions in the ammonium series decreased the calcium 
content of tissues. Calcium differences between high-N and low-N cultures 
in the nitrate series, being greater than plant weight differences between the 
same cultures, indicate that the influence of high concentrations of NO, ions 
in the high-N cultures enhancing calcium absorption was greater than the 
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ON GROWTH OF ANANAS 


NITROGEN 


SIDERIS AND YOUNG: 
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tendency for accumulation of calcium in the low-N cultures of the same 
series because of retarded growth and small plant volumes. 


MAGNESIUM 


Magnesium values, reported in figure 6 as mg. per gram of fresh tissue, © 
were greater for the low-N than for the high-N cultures in both nitrogen 
series. 

Total magnesium values per plant, in table 1V, were approximately the 
same in the high-N and low-N cultures of the nitrate series, but in the ammo- 
nium series the low-N cultures contained approximately 47 per cent. more 
magnesium than the high-N cultures. It is possible that the difference in 
magnesium between high-N and low-N cultures in the ammonium series had 
resulted from a decreased rate of intake of Mg ions caused by the antago- 
nistic effects of the high concentration of ammonium ions. 

Accumulation of magnesium as percentage of total in the stem of the 
high-N cultures was 8.85 and 20.30 per cent. for nitrate and ammonium 
series, respectively, indicating a higher rate of absorption of magnesium 
and transport to the stem but a retarded rate of translocation from the stem 
to the leaves in the latter than former series. In the low-N cultures the 
differences in the magnesium content of stem and leaf tissues between nitrate 
and ammonium series were not as great as in the high-N cultures. 


PHOSPHORUS 


Phosphorus values, reported in figure 7 as mg. per gram of fresh tissue, 
were generally greater in the ammonium than in the nitrate series. Phos- 
phorus differences between high-N and low-N cultures were in favor of the 
former cultures in both nitrogen series. 

Total phosphorus values per plant, in table IV, were higher in the ammo- 
nium than nitrate series and were in agreement in this respect with the 
values in figure 7, suggesting that PO, ions were attracted electrostatically 
by NH, ions in the ammonium series and more so by the high-N than low-N 
cultures. However, comparable electrostatic repelling of PO, ions by NO; 
ions could not be observed in the high-N cultures of the nitrate series because 
these cultures showed 1.8 times as great intake of PO, ions as the low-N cul- 
tures of the same series. Phosphate concentrations in the nutrient solutions 
being relatively small, the conditions for the phenomena of antagonism were 
probably not propitious. 

IRON 


The data in figure 8 on the iron content of the various cultures are more 
involved and less suitable to interpretation than those pertaining to other 
nutrient elements because of the high susceptibility of iron to precipitation 
on the epidermal cells of roots during adsorption and its low translocation 
rate from roots to other plant organs. Such precipitation on the epidermal 
root layer is greatly influenced by changes in the hydrogen-ion concentra- 
tion at the interfacial layer, resulting from an unequal absorption of anions 
and cations. 
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Comparison of iron concentrations in the root tissues with the mean iron 
concentration of all other plant sections shows that in the nitrate series the 
former were 98.3 and 37.5 times as high as the latter for the high-N and 
low-N cultures, respectively. In the ammonium series corresponding ratios 
were 12.1 for the high-N and 47.2 for the low-N cultures. The data reveal 
that iron precipitation on the epidermal root cells was greatest for the high-N 
cultures in the nitrate series and smallest for the high-N cultures in the 
ammonium series. Iron precipitation on the roots of the low-N cultures in 
both series was intermediate between the high-N cultures of the nitrate series 
on the one side and ammonium series on the other side. The high iron pre- 
cipitation in the nitrate series had resulted from the shifting of pH from 
4.5 to 6.6 because of greater absorption from the nutrient solution of nitrate 
than calcium ions ; whereas low iron precipitation on the roots of the high-N 
cultures in the ammonium series had resulted from a countershift in the pH 
course, e.g., from 6.5 to 4.0 caused by a greater absorption of NH,* than SO,- 
ions and formation of H* ions by hydrolysis. Average iron concentrations 
in the plant, excluding the roots, were greatest in the high-N cultures of the 
ammonium series and smallest in the high-N cultures of the nitrate series. 
Comparison of iron concentrations in the roots with the average concentra- 
tions in the combined leaf and stem sections shows that in the latter organs 
iron concentrations were inversely proportional to the amounts of iron pre- 
cipitated on the roots. 

Total iron values per plant, reported in table IV, reveal very little unless 
considered with respect to its distribution in the various organs. The iron 
content of the leaves of the high-N cultures in the ammonium series was 1.71 
times as great as that of the high-N cultures in the nitrate series. Iron in 
the leaves of the low-N cultures in the nitrate series was 1.19 times as great 
as that for comparable cultures in the ammonium series. Differences in the 
iron content of the stems were smaller between comparable cultures in differ- 
ent series than between different cultures in the same series; for example, 
the difference in stem iron between the nitrate and ammonium cultures was 
3.5 per cent. for the high-N cultures and 19.6 per cent. for the low-N cul- 
tures. But, similar differences between high-N and low-N cultures in the 
same series were 56.7 and 81.2 per cent. in favor of the former cultures for 
the nitrate and ammonium series, respectively. Differences in the total iron 
of the roots between the high-N cultures in the nitrate and ammonium series 
were 816.0 per cent. in favor of the former series. Similar differences be- 
tween the low-N cultures were 36.5 per cent. in favor of the nitrate series. 
Differences in total root iron between high-N and low-N cultures in the 
nitrate series were 7.9 per cent. in favor of the high-N cultures, but similar 
differences in the ammonium series were 522.0 per cent. in favor of the low-N 
cultures. The amounts of iron deposited or precipitated in the roots of the 
high-N cultures (as the result of H-ion changes, mentioned above) were 9.15 
times greater for the nitrate than ammonium series, whereas the amounts of 
iron transported to the leaves were 1.7 times greater for the ammonium than 








SIDERIS AND YOUNG: NITROGEN ON GROWTH OF ANANAS 263 


nitrate series. These results clearly indicate that the greater iron deposi- 
tions in the roots of the nitrate cultures constituted insoluble iron which was 
unavailable for translocation to the tissues of the stem and leaves, whereas 
the smaller iron depositions in the roots of the ammonium series suggest a 
greater availability for translocation to other organs of the plant. The 
above results are in agreement with other findings on the effects of NO; and 
NH, ions in connection with other studies reported previously (32, 33). 


Discussion 


Synoptic review of the results obtained shows that a fifty-fold increase 
in the external concentration of nitrogen, i.e., from 2.8 to 140.0 mg. per liter, 
increased the total nitrogen uptake by plants 4.85 and 5.35 times in the 
nitrate and ammonium series, respectively. Plant weights were increased 
1.537 and 1.180 times in the nitrate and ammonium cultures, respectively. 
Comparative plant weight increases between the high-N and low-N cultures 
were lower for the ammonium than nitrate series which should be attributed 
to the growth inhibiting properties of the chloride content of the former 
series. Calcium uptake by plants from the nutrient solution was 6.00 times 
as great for the high-N as low-N cultures in the nitrate series and 0.67 times 
as great for the high-N as low-N cultures in the ammonium series. Potas- 
sium absorption was approximately the same for the high-N and low-N cul- 
tures in the nitrate series and magnesium showed the same relationship. In 
the ammonium series, however, the high-N cultures absorbed 0.52 times as 
much potassium and 0.68 times as much magnesium as the low-N cultures. 
Phosphate uptake was 1.81 and 1.88 times greater by the high-N than low-N 
cultures of the nitrate and ammonium series, respectively. Iron uptake, by 
the high-N cultures, as determined by total iron in leaves and stem being 
greater 1.11 and 2.11 times for the nitrate and ammonium series, respec- 
tively, was influenced more by changes in the H-ion concentration resulting 
from the uptake by roots of anions and cations at unequal! rates than by the 
direct effects of different concentrations of nitrate or ammonium ions. 

The results as stated above appear to be in satisfactory agreement with 
results obtained by various investigators with other plants. Eaton and 
RIGLER (9) observed in the cotton plant that an increase in nitrate from a 
low level resulted in an increase in vegetative growth, in an increased number 
of bolls, and in higher concentrations of nitrates and total nitrogen in the 
plant tissues. WaAbLEIGH (35) working also with cotton found that increas- 
ing the nitrate content of the substratum from 8 to 25, 75, and 225 p.p.m. 
increased plant nitrate nitrogen from 0.08 to 0.225, 0.80, and 1.38 gm. and 
yield of seed from 27.0 to 58.1, 119.8, and 143.0 gm. per plant, respectively. 
Somewhat similar results were obtained by BENsenp (6) with different 
amounts of nitrogen on Jack pine, Pinus banksiana Lamb., seedlings which 
gained sixteenfold in weight as the amounts of nitrogen were increased from 
0.0 to 230 p.p.m., but higher increases to 855 p.p.m. showed slight weight, 
reductions. BrckENBACcH et al. (3, 4, 5) observed in corn (Zea mays) that 
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plant weights, nitrate concentrations and total nitrogen in the tissues in- 
ereased with higher amounts of nitrates in the substratum. BARTHOLOMEW 
et al. (2) observed that tomato plants grown in nutrient solutions with an 
abundant supply of nitrogen and potassium produced greater yields of dry 
matter and had a higher percentage of nitrogen in the leaves than those 
supplied with low nitrogen. 

Absorption of nitrate nitrogen and other anions is associated with pro- 
portional energy expenditure, according to LUNpDEGARDH (19) which is indi- 
cated as moles of respired CO, per mole of NO; or of other anions. His 
contention is that roots, being negatively charged, absorb metallic cations 
by attraction; whereas anions are repelled from the negative surface and 
an extra supply of energy, provided by carbohydrate oxidation in respira- 
tion, is needed to overcome the resistance. However, this view of LUNDE- 
GARDH has been challenged by Stewarp (34) and HoAGLANp and STEWARD 
(15), who claim that their experiments on barley roots and on disks of pota- 
toes have not led to a fundamental distinction between cation and anion 
accumulation ; moreover, the cation ammonium and the anion nitrate usually 
produced the most marked acceleration of respiration over that occurring in 
distilled water. Grecory (12) claims that nitrogen deficiency in barley 
always leads to a reduction in the rate of respiration. McoCauLa and Woop- 
ForD (22) state that when nitrogen was limited more phosphorus and sulphur 
were taken in by wheat plants than when nitrogen levels were high. Rose 
and McCatua (25) found that limiting nitrogen reduced the size of plants 
and the amounts of all nutrients absorbed except phosporus. SHANK (26) 
observed that top to root ratios increased with an increase in nitrogen con- 
centration, and he attributes this condition to the failure of translocation to 
leaves of substances absorbed by roots because of insufficiency for optimal 
growth. 

ARNON (1), discussing the merits of nitrate vs. ammonium sources in the 
nutrition of barley and obtaining a more satisfactory growth with the former 
than latter, claims that ‘‘furnishing the plant with nitrogen exclusively in 
the reduced form of ammonium may be regarded as not merely a substitu- 
tion of one source of nitrogen for another but a deprivation of the plant of 
an oxidizing agent.’’ That nitrates might act in the capacity of oxidizing 
agents is indicated by MEYERHOF’s computations (21) of Warsure and 
NEGELEIN’s (36) results which show that, of the energy released by the oxi- 
dation of carbon to CO., only 30 per cent. is used in the reduction of NO,- 
to NH,*. Hamner (13) found that wheat plants supplied with nitrate 
assimilated approximately 56.0 per cent. and liberated by their roots 27.0 
and tops 66.0 per cent. more carbon dioxide than similar plants grown in 
minus-nitrate cultures. However, in the absence of similar cultures with 
ammonium eations, one is unable to attribute the gain in respiration to the 
nitrate ions alone or to an increased metabolic activity resulting from a 
greater protoplasmic volume by the addition of nitrogen to the cultures. 
Recent studies by GmuBerT and Suive (11) have indicated that production 
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of CO, by roots was increased with a greater nitrate uptake but not with 
ammonium. 

The utilization of oxygen released by nitrate reduction to ammonium for 
respiration by roots, mentioned above, has not been investigated, although 
in A. comosus the various phases of nitrate assimilation taking place mostly 
in the chlorophyllose regions of the leaves (30) suggest that any oxygen 
released by reduction of nitrates might be utilized by the adjacent chloro- 
phyllose tissues or may be transported downward to the roots in solution 
with other organic solutes. 

Comparison of these results with those of the various investigators, above 
mentioned, shows that a very satisfactory agreement was observed with re- 
spect to nitrogen supplies in the nutrient solution and plant weights, intake 
of total nitrogen in both nitrate and ammonium series, and potassium and 
calcium in the nitrate series. Total phosphorus absorption was greater in 
the high-N than low-N cultures of the nitrate series, which was not in agree- 
ment with the results of McCauLa and Wooprorp (22) and Rose and Mc- 
Catia (25). The differences in pH shifts of nutrient solutions supplied 
with nitrate or ammonium salts have been discussed with respect to iron 
solubility and availability to plants. Briees (7) observed in Tropaeolum 
majus that boron in small amounts may greatly enhance nitrate intake by 
roots. 

The relations between cation and anion accumulation in plant tissues 
have been discussed by HOAGLAND and Broyer (14) who state that ‘‘in a 
number of experiments on root tissues possessing a high potentiality for salt 
absorption, K and Br were withdrawn from the solution in nearly equivalent 
quantities, although various secondary effects may complicate the study of 
this relation by causing K losses from cells, ete.’’ The same authors, com- 
menting on nitrate absorption and accumulation, state that ‘‘the eoncentra- 
tion of NO, in the sap increased very rapidly during the period of 16 hours 
then fell off abruptly, presumably the rate of NO, reduction in the tissues 
greatly exceeded the rate of NO, accumulation.’’ LuNpgGgarpH (18, 20), 
discussing the réle of cations on the electrostatic charges of cell membranes 
which influence anion attraction, claims that ‘‘bivalent ions, such as Ca**, 
and Mn**, attract water molecules from the surroundings and consequently 
dehydrate the membrane, causing the molecules to pack closer together and 
increase the charge of the membrane, which is a function of the number of 
valences per unit of area.’’ Regarding potassium, he states that ‘‘a mem- 
brane in which the free valences are chiefly saturated with K* has a looser 
constitution, the electrical charge is lower and the membrane probably does 
not resist high charges.’’ Further evidence on the nature of the negative 


charge of plant cells is offered by OsteRHOUT (23), who states that ‘‘remark- 
able changes are brought about by dilute solutions of KOH but not as effec- 
tively by NaOH in transforming the negative cells of Nitella to positive cells 
by dissolving out a fatty acid, a constituent of the protoplasm charged 
negatively. 


9? 


Moreover, the same author (23) claims, on the basis of ionic 
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mobilities, that ‘‘the protoplasmic surface cannot be a pore system, for in 
such a system all cations must have greater mobilities than all anions or vice 
versa.’” Conway (8), attempting to explain the differential rate of ion 
penetration through membranes as being due to different diameters of the 
ions, gives the following relative diameters referred to K-ion as unity: 
K=1.00; Na=1.49; Ca=2.51; and Mg=2.81. The relative diameters of 
the ions mentioned by Conway are different from the ionic radii of the same 
elements of Paunine (24) with values in A as follows: K = 1.33; Mg = 0.65; 
Ca = 0.99; NO; = 1.21, ete. The data in table V indicate a ratio of potassium 


























TABLE V 
AMOUNTS OF ELEMENTS PER PLANT AND RATIOS OF ELEMENTS ABSORBED 
/ 
NITROGEN PorassIumt 
ELEMENTS ey rare’ re aaa ae. 
GM./PLANT N-w ssi: Aa hide ate 
Hieu-N* | Low-N* | HieH-N | Low-N | Hieu-K | Low-K | Hieu-K | Low-K 
K 18.79 17.59 13.28 25.52 43.55 5.97 39.44 7.13 
Ca 6.68 1.12 0.73 1.09 1.78 4.00 1.18 1.05 
Mg 1.04 1.05 0.97 1.42 0.70 1.42 0.88 1.19 
N 8.64 1.78 9.76 1.82 5.99 4.68 5.82 5.78 
P 0.77 0.42 1.01 0.53 0.53 0.25 0.64 0.31 
Ratios 
K/Ca 2.81 15.70 18.20 23.40 24.50 1.50 33.50 6.80 
K/N 2.19 9.88 1.36 14.00 7.27 1.28 6.78 1.23 
Ca/N 0.77 0.63 0.08 0.60 0.30 0.86 0.20 0.18 





























* High-N and K = 140.0 mg. N and 200 mg. K per liter, respectively. 
Low-N andK= 2.8gm.Nand 4 mg. K per liter, respectively. 
t Reference (33). 
to calcium of 2.81 (18,787 + 6,680), for the high-N cultures in the nitrate 
series, differing from the theoretical ratio of ionic diameters (2.51) proposed 
by Conway, 12.0 per cent. The ratio of K to Mg for the same culture and 
series was 17.3: 1 (18,787 + 1,039) which is 509 per cent. greater than that 
postulated by the diameter ratios of K* to Mg** ions. Similar ratios for ele- 
ments absorbed from the low-N cultures in the nitrate series or in the ammo- 
nium series were not in agreement with the diameter ratios of the ions, 
possibly because the amounts of NO;- ions in the low-N cultures were abnor- 
mally low with respect to the various cations, or the antagonistic effects of 
NH,‘ ions in the ammonium series interfered with cation absorption. Further 
evidence of ion interrelationships, indicated by the total amounts of certain 
nutrient elements in the tissues of various cultures, is presented in table IV, 
which shows that ratio values of potassium to calcium were not in agreement 
with the theoretical relative diameter 2.51 except for the high-N culture in 
the N-n series. Potassium to nitrogen ratios also deviated appreciably from 
the equimolecular value of 2.785 (39 + 14), being high in cultures with too 
little nitrogen or too much potassium and low in those with too much nitro- 
gen or too little potassium. Calcium to nitrogen ratios show that the high 
ammonium content of the high-N culture in the A-n series, and also a similar 
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content of potassium ions of the high-K culture in the same series depressed 
greatly calcium absorption. Phosphorus values in the tissues were almost 
twice as great for the high-N or high-K than for the low-N or low-K cultures, 
indicating that high concentrations of NH, ion enhanced intake of PO, ions 
and also that similar concentrations of NO; ions had not interfered with the 
absorption of PO, ions from solution culture. 

Comparison of the data under nitrogen and potassium (33) in table V 
shows that the chemical composition of plant tissues in mineral nutrient 
elements is not constant but varies widely and depends on the amounts of 
such elements taken in by the roots. High concentrations of NH, or K 
cations reduce the intake of Ca cations and enhance that of PO, anions. 


Summary 


1. A. comosus grown in solution cultures supplied with 140.0 or 2.8 mg. 
of nitrogen per liter either as nitrate or ammonium produced, after one 
year’s growth, greater weights in the high- than low-nitrogen cultures. 
Nitrogen absorption from nutrient solutions was approximately five times 
greater for the high-nitrogen (140.0 mg.) than low-nitrogen (2.8 mg.) eul- 
tures in both series. 

2. Total ash content per plant was higher in the high-nitrogen cultures 
of the nitrate series and in the low-nitrogen cultures of the ammonium series 
than in the competing cultures, possibly because of NO, anions attracting 
cations and NH, cations repelling similar cations in the nitrate and ammo- 
nium series, respectively. 

3. Potassium values per plant were approximately the same for the high- 
nitrogen and low-nitrogen cultures in the nitrate series, but in the ammo- 
nium series they were approximately 92.0 per cent. greater for the low-nitro- 
gen cultures; presumably high NH, ion concentrations caused inhibition of 
K-ion intake. 

4. Calcium values per plant were greater for the high- than low-nitrogen 
cultures in the nitrate series. In the ammonium series calcium values for 
the high-nitrogen cultures were approximately two-thirds as great as in the 
low-nitrogen cultures, resulting, presumably, from the antagonistic effects 
of high concentrations of NH, ions in the high nitrogen cultures. 

5. Magnesium absorption per plant from nutrient solutions was approxi- 
mately the same for the high- and low-nitrogen cultures in the nitrate series, 
but in the ammonium series it was 1.475 times as great for the low- as for the 
high-nitrogen cultures. 

6. Phosphorus content per plant was 1.81 and 1.72 times greater for the 
high- than low-nitrogen cultures in the nitrate and ammonium series, respec- 
tively. 

7. Iron content per plant was greater for the cultures in the nitrate than 
ammonium series, but in the former series 90.3 per cent. of it was in the 
roots whereas, in the latter series, the roots of the high-nitrogen cultures con- 
tained 38.5 per cent. of total plant iron and those of the low-nitrogen cultures 
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89.5 per cent. Translocated iron in the leaves as percentage of total iron 
was 8.6 or 8.8 in the nitrate series and 57.5 or 10.0 per cent. in the ammonium 
series for the high-nitrogen or low-nitrogen cultures, respectively. 
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NITROGEN METABOLISM OF CORN (ZEA MAYS) AS 
INFLUENCED BY AMMONIUM 
NUTRITION? 


FPF. G@. Viets, Je., A. L. Moxon, anpnd 
E. I. WHITEHEAD 


(WITH FOUR FIGURES) 


In a previous publication (45) data were presented to show that large 
amounts of glutamine, asparagine, amino acids, and other forms of soluble 
nitrogen, accumulated in the sap of the tops of corn seedlings in response 
to the absorption of large amounts of ammonium nitrogen from culture solu- 
tions. Ammonia did not accumulate in the sap and visible injury did not 
result until the soluble forms of organic nitrogen had reached relatively 
high levels. The pH of the sap, the total and reducing sugars, and the ‘‘true 
protein’’ nitrogen remained relatively stable during the period of ammonium 
absorption. It is the purpose of this paper to present data for the roots and 
tops in greater detail showing the probable site of the metabolism of the 
absorbed ammonium and further information on the nature of the soluble 
nitrogen compounds synthesized. 

No attempt will be made to review the extensive literature on the nitro- 
gen metabolism of plants since several excellent reviews are available (2, 20, 
46), but attention will be confined to that dealing with the nitrogen nutrition 
of corn insofar as it is related to this investigation. In spite of the great 
economic importance of corn surprisingly little has been reported concern- 
ing its nitrogen metabolism. As early as 1868 BoussinGau.rT (cited by Cutn- 
NALL (2)) reported that asparagine was formed in corn germinated in the 
dark. More modern reports are those of PRIANIScCHNIKOW (26) who showed 
the necessity of carbohydrates for the formation of asparagine in corn and 
Jopint (13) who erystallized asparagine from etiolated corn seedlings. KLEIN 
and Tausock (16) demonstrated that corn in sterile culture solutions would 
absorb arginine and would decompose it completely within the plant with- 
out urea being one of the products that accumulated. Alkaloids are rarely 
found in the monocotyledons. Hydrocyanic acid and cyanogenic glycosides 
rarely occur in corn and when present occur only in traces according to a 
review of the literature by VAN Der Watt (36). Tests at various times in 
this laboratory on maturing corn have failed to indicate even traces of 
cyanide nitrogen. 

Mevivus (19) found that corn supplied with ammonium salts grew well 
if the culture solution pH was maintained between 3.5 to 7.0, but that above 
this range the internal reaction became alkaline, excessive quantities of am- 
monia were absorbed, and growth was depressed. 


1 Published with the approval of the Director of the South Dakota Agricultiral 
Experiment Station as Journal Paper no. 201. 
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Materials and methods 
CULTURE TECHNIQUE 


The plan was to grow corn seedlings to a height of about 18 inches in 
dilute nutrient solution, depriving them of nitrogen during the later stages 
of growth to produce plants low in soluble nitrogen and high in earbohy- 
drates, and then to transfer them to a complete nutrient solution containing 
the nitrogen as (NH,).S0O,, harvesting plants at various intervals for subse- 
quent analyses. Ammonium nitrogen was used to avoid problems of nitrate 
reduction and nitrate accumulation that would be involved if nitrate nitro- 
gen were used. 

The first experiment was conducted during December and January with 
greenhouse temperatures of 65° to 75° F., and the second in February and 
March with temperatures varying from 70° to 90° F. Supplementary light 
of moderate intensity was used from 4 to 9 a.m. in both experiments to 
insure a high carbohydrate level. South Dakota 105 x 107 single cross hybrid 
seed was germinated in pure quartz sand and uniform plants were trans- 
planted, when they were 4 inches high, to corks in special lids which fit 
loosely on 2-gallon glazed earthenware crocks. 

For the first experiment the plants were grown, 3 per crock, in 14 erocks, 
each containing 7 liters of one-half strength Hoagland solution supplemented 
with a microelement solution containing Cu, Mo, Mn, Zn and Bo [(11) p. 
37]. Iron was added semi-weekly as FeSO, to all culture solutions used. 
When the plants were about 18 inches tall the solution was replaced with a 
minus-nitrogen solution of the following composition : 


0.5 M K.SO, 5 ml./liter 
10 M MgSO, 2 mi./liter 
0.05 M Ca(H.PO,). 10 ml. /liter 
0.01M CaSoO, 200 ml. /liter 


Micronutrients were also added to this solution. The pH of the solution 
remained at approximately 6.0 during the growth of the plants. After 1 
week the lower leaves, particularly along the midribs, were chlorotic indi- 
eating nitrogen deficiency and the soluble nitrogen of the tops and the roots 
had been reduced to a low level as indicated by subsequent analyses of 6 
plants harvested as a control (0 days, table I). To the solutions in the 
remaining crocks molar (NH,).SO, was added to give the concentrations 
indicated in table I. After 3 days, 4 more crocks (12 plants) selected at 
random were harvested, and more (NH,).SO, was added to the remaining 
solutions. This procedure was continued until all plants were harvested to 
give the series shown in table I. The pH of the solutions remained at 
6.5 + 0.1 during this period of ammonium absorption. 

In the second experiment, conducted to check the results of the first and 
to supply material for a more detailed study of the nitrogen compounds 
synthesized, the technique was similar except that 5 plants were grown in 
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each crock containing 7 liters of Hoagland solution for the preliminary 
growth period. After the period of nitrogen depletion in minus-nitrogen 
solutions, 15 plants were harvested as a control, 60 meq./l. of (NH,).SO, 
were added to the remaining solutions, and after 7 days, 15 plants were har- 
vested. In this experiment the pH of the culture solution during the period 
of ammonium absorption had to be frequently adjusted with 1N NaOH to 
maintain the pH at approximately 6.0. 


HARVESTING AND SAP PREPARATION METHODS 


At harvest the plants were separated into roots and tops by cutting the 
stalk just above the whorl of adventitious roots. The roots were washed 
twice in distilled water and the excess removed by whirling the roots in a 
cheesecloth bag under comparable conditions for each set. Fresh weights 
were taken on tops and roots, the material cut into one-inch lengths, thor- 
oughly mixed and subsamples taken for moisture determinations by drying 
for 48 hours in a 70° C. oven. This dried material was ground finely in a 
Wiley mill and used for sugar, total nitrogen, and ‘‘true protein’’ determi- 
nations. The remainder of the fresh material was wrapped in cheese cloth, 
placed in individual glass jars with screw caps and quickly frozen in the 
freezing compartment of a refrigerator. Until analyses could be made the 
frozen material was stored at - 20° F. The commonly determined nitrogen 
fractions are not altered by freezing and frozen storage (21). 

Investigations (1, 30) have shown that successive increments of expressed 
sap from plant tissues previously frozen are similar in composition with 
respect to ions and compounds in true solution and that estimates of compo- 
sition can be calculated to a dry weight basis as accurately from sap analy- 
ses as from analyses on dried material (30). Therefore, sap analyses was 
chosen since glutamine is unstable unless the green material can be dried 
rapidly under carefully controlled conditions (27, 42). Soluble nitrogen 
fractions estimated on the sap are calculated to a dry weight basis on the 
assumption that the sap remaining in the press cake, estimated from its mois- 
ture content, is similar in composition to that expressed. Corrections have 
not been made for total solids in the sap, and the values calculated in this 
way may be slightly low (30). The frozen material was thawed at room 
temperature and the sap expressed from the tissue wrapped in cheesecloth, 
at 2600 lbs./sq. in. in a hydraulic press. The sap was yellow to brown in 
color and contained considerable colloidal material. It was stored in the 
refrigerator under toluene until analyses were completed. 


ANALYTICAL METHODS 


Dry MATERIAL.—Reducing sugars and sucrose were determined on 80 per 
cent. aleohol extracts of the ground dry tissue according to the procedure 
of Hassip (6), sucrose being calculated as the difference in reducing value 
of extracts before and after inversion with 1 N H,SO, at room temperature 
for 24 hours. The soluble sugars of corn are principally glucose, fructose, 
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and sucrose (17). Total nitrogen and ‘‘true protein’’ nitrogen were deter- 
mined by the Kjeldahl-Gunning method, the latter on the residue from the 
alcoholic extraction for sugars followed by exhaustive extraction with boil- 
ing water by a procedure similar to that recommended by Vicksry et al. 
(44). Total nitrogen determinations on dry material and sap were not modi- 
fied to include nitrate since the nitrogen depletion of the plants prior to 
experiment reduced this constituent to a low level. 

Sap.—Ammonia nitrogen was run, the same day the sap was expressed, 
by the procedure of Pucner, Vickery, and LEAVENWorTH (27). Glutamine 
and asparagine amide nitrogen were determined the following day by the 
differential-hydrolysis method of Vickery, Pucuer, et al. (42) on the sap 
preserved overnight at 2° C. Apparently amide nitrogen pre-existing in 
proteins and protein degradation products, which are present in the sap, is 
not obtained in the amide fractions since KeyssNEr and Tausock (14) have 
shown that no amide nitrogen could be obtained from |-leucyl glutamine 
until after the peptide linkage was hydrolyzed. Peptide hydrolysis is proba- 
bly negligible under the conditions of hydrolysis used for the estimation of 
asparagine amide nitrogen. Urea interferes in the determination of the 
amides (42), but it has been shown to be absent in corn (16). That it is at 
least negligible has been confirmed by 4-hour hydrolysis as compared with 
2-hour hydrolysis of aliquots of sap in pH 6.5 buffer followed by distillation 
of the ammonia. Identical results indicated the absence of urea and allan- 
toin (42). Urease hydrolysis followed by ammonia distillation failed to 
indicate the presence of determinable amounts of urea in the sap. Sap pH 
was determined with a glass electrode and potentiometer cireuit. 

Total soluble, g-amino and peptide nitrogen were determined on sap 
which had been deproteinized with 3 gm. trichloracetic acid per 100 ml. of 
sap (pH approximately 0.8) followed by the removal of the coagulum by 
filtration through quantitative filter paper. Trichloracetic acid does not pre- 
cipitate all of the degradation products of proteins (i.e., peptones, polypep- 
tides, ete.) from solution (5, 9, 22). This is true of corn as shown by 
evidence presented later. Total soluble nitrogen was determined by the 
Kjeldahl-Gunning method. g-Amino nitrogen was determined in a Van 
Slyke apparatus equipped with a microburette. Since ammonia and gluta- 
mine acide nitrogen interfere in the Van Slyke procedure for g-amiro nitro- 
gen (4, 42), they were removed by hydrolyzing aliquots of deproteiuuized sap 
for 2 hours with 2 N HCl at 100° C. and distilling the ammonia on a steam 
bath from the solution made slightly alkaline to bromeresol purple.? The 
solution was then acidified with acetic acid and diluted to volume for the 
determination. However, the hydrolytic procedure leads to the formation 
of some humin, and, hence, the values reported herein are undoubtedly low. 
From the total g-amino nitrogen the g-amino nitrogen of glutamine and 
asparagine equivalent to the amide nitrogen is subtracted and the result 
expressed for convenience as residual g-amino nitrogen in common with the 


2 Personal communication from T. C. Broyer et al., University of California. 
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practice of Woop and co-workers (47, 48, 49). Other procedures used will 
be discussed in connection with the results. 


Experimental results 


The growth and analytical results for the roots and tops of plants of 
experiments 1 and 2 for the period of ammonium absorption are shown in 
tables I and II respectively. The nitrogen fractions determined on the ex- 
pressed sap have been calculated to a dry weight basis for reasons that will 
be apparent below. The (NH,).SO, concentrations indicated are greater 
than the actual amount in the solution because of absorption, which although 
large, is small in relation to the ammonium available. 


GROWTH AND GENERAL APPEARANCE 


The objective in experiment 1 was to gradually increase the ammonium 
concentration of the solution until the plants were definitely injured. At the 
end of 6 days the leaves were showing a slight dieback at the ends and tiny 
yellow blotches on the blades, but pronounced injury was not apparent until 
the end of 13 days when the plants had been in 120 meq./l. (NH,).SO, for 
7 days. The leaf tips showed considerable injury and large necrotic areas 
appeared on the blades. The leaves were rolled, indicating a severe water 
deficit, and the roots were turning brown. The roots, however, were appar- 
ently still living as indicated by their ability to exclude ammonium, which 
had a concentration of 1,450 mg. NH,—N/1. by analysis in the final culture 
solution as compared with 140 mg. NH;—N/1. in the expressed sap. In ex- 
periment 2 in which the ammonia concentration of the external solution was 
not raised to as high a level, a few of the leaf blades were showing white 
necrotic areas at the end of 7 days, and during the day when the greenhouse 
temperature was 80—90° C. the leaves showed signs of severe moisture deficit. 

The data show that during the period of ammonium nutrition the plants 
gained appreciably in dry weight in both the tops and in the roots. The 
most conspicuous effect of ammonium nutrition of corn under these condi- 
tions is the decrease in moisture content of the tops of the plants, and to a 
lesser extent in the roots, evidencing itself in the loss of turgor and the in- 
rolling of the leaves.* Because of this loss of water from the tissues, the 
changes in soluble nitrogen compounds on a dry weight basis are not as great 
as they are on asap concentration basis. Thus the factor to convert mg. N/1. 
of sap to mg. N/kg. dry weight decreases from 11.25 for the control (0 days) 
to 7.06 for the tops of plants harvested at 13 days in experiment 1. However, 
the magnitude of the increases in various nitrogen compounds is so great 


3 Since this manuscript was submitted, G. J. RALEIGH (Science n. s. 103: 206-207. 
1946) has shown that limiting the supply of nitrogen to produce low-nitrogen and pre- 
sumably high-carbohydrate rye grass plants is essential to obtain the exudation of glu- 
tamine when NH,Cl is supplied to plants in soil. In the experiments reported here, 
(NH,).SO, supplied in nutrient solution to low-nitrogen, high-carbohydrate corn plants 


failed to produce guttation. Whether this is due to an immediate effect of ammonium 
nitrogen on the absorption of water by corn roots thus preventing guttation is not 
known. However, the effect of ammonium nitrogen in decreasing the water content 


of corn tops after 3 days is shown in table I and may lend support to this hypothesis. 





276 PLANT PHYSIOLOGY 


that the same general picture is obtained whether the data are compared on 
a sap concentration (45) or on a dry weight basis. 


CHANGES IN CHEMICAL COMPOSITION 


The data for tops and roots in both experiments show that the tissues 
increased in total nitrogen and that the increase was largely confined to an 
increase in the total soluble nitrogen with the possible exception of the second 
experiment in which there appeared to be a significant increase in the ‘‘true 
protein’’ nitrogen of the tops. This accumulation of total soluble nitrogen 
was so great that in experiment 1 the soluble nitrogen amounted to over 
60 per cent. of the total nitrogen of the tops at the end of the experiment 
as compared with 25.7 per cent. for the tops after growth in the (NH,).SO, 
containing solution for 3 days. Large increases in glutamine, asparagine, 
and residual amino nitrogen occurred in the roots and tops in both experi- 
ments. A slight but probably significant upward shift in the pH of the sap 
occurred during the period of ammonium nutrition, perhaps due to the 
neutralization of organic acids by the gradual accumulation of ammonium, 
but the pH is much higher than in those ‘‘acid plants’’ which can accumu- 
late large amounts of ammonium as the cation of organic acids (28, 29). 
The pH of the sap did not become alkaline as Mevius (19) found for corn 
grown in ammonium solutions of alkaline reaction. In no case did ammo- 
nium accumulate before the other soluble nitrogen constituents had reached 
relatively high levels and the plants were showing or beginning to show 
evidence of injury. 

The level of carbohydrates, as measured by total sugars or reducing 
sugars and sucrose, remained comparatively high throughout the experi- 
mental period indicating that available carbohydrate at no period during 
ammonium nutrition could have been limiting the assimilation of ammonium. 
In both experiments there appears to be a significant downward trend in the 
total sugars of the roots, which may be related to the site of ammonium 
assimilation to be discussed later. 

In experiment 1 (table I) the ‘‘non-amino basic nitrogen’’ determined 
on the tops also shows a large increase. This fraction was obtained by sub- 
tracting from the nitrogen precipitated by phosphotungstie acid from the 
trichloracetic acid filtrates, according to the procedure of UmBrerr and W1L- 
son (35), the difference in amino nitrogen of the trichloracetie acid filtrate 
and the filtrate after the precipitation of ‘‘basic nitrogen.’’ As previously 
pointed out the trichloracetic acid filtrate contains appreciable amounts of 
polypeptides and higher polymers of amino acids; and hence included in the 
‘‘non-amino basie nitrogen’’ is much peptide nitrogen (35, 22), the non- 
g-amino portion of basic amino acids, cyclic nitrogen compounds, and un- 
known entities containing nitrogen. In spite of the indefinite character of 
this material the data do indicate that the accumulation of compounds other 
than ammonia, glutamine, asparagine and residual amino nitrogen has oc- 
curred. Subtraction of the sum of all of these mentioned categories of nitro- 
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gen from the total soluble nitrogen for the tops reveals that there is still 
considerable ‘‘rest’’ or unidentified nitrogen in the sap and that this frac- 
tion also inereases during ammonium nutrition. 

To get further information on the nature of the compounds elaborated 
a more detailed study was made of the sap of the tops of plants in experi- 
ment 2 (table II). Aliquots of sap deproteinized with 3 per cent. trichlor- 
acetic acid were acid-hydrolyzed and g-amino, humin, phosphotungstic-acid 


TABLE I 


CHEMICAL COMPOSITION, GREEN AND DRY WEIGHTS, AND MOISTURE CONTENT OF THE TOPS 
AND ROOTS OF 12 CORN PLANTS GROWN IN A LOW-NITROGEN SOLUTION AND THEN 
TRANSFERRED TO A COMPLETE NUTRIENT SOLUTION CONTAINING (NH,),SO, 

FOR THE NUMBER OF DAYS INDICATED. THE (NH,).SO, CONCEN- 


TRATIONS ARE THOSE OF THE CULTURE SOLUTION FOR 
THE INTERVAL SINCE THE PRECEDING HARVEST 























RMS. eT ore Ge 0 3 6 13 
(NH,).S0,, meq./1. ........ 0 30 60 120 
TOPS 
Green wt., gm. ................... ; 342* 295 373 357 
Dry wt., gm. ................... 27.4* 27.7 38.8 44.5 
_ t | Ia Scania : 92.0 90.6 89.6 87.5 
SN I Sb ccnletsteen ie 6.65 6.66 6.90 6.88 
Reducing sugar, % dry wt. 2.95 4.37 3.55 3.78 
Sucrose (as glucose), ‘‘ 2.05 1.75 2.91 1,84 
Total N, mg. N/kg. dry wt. 26,500 28,400 30,300 34,800 
Ammonia, ve 172 127 166 706 
Glutamine, pi 307 381 870 2,320 
Asparagine, vy 420 930 2,190 4,150 
Residual q-amino, ‘‘ 1,750 1,400 1,760 2,680 
Non-amino basic, ‘‘ 755 2,200 2,620 
Undetermined sol., ‘‘ 3,732 5,814 8,624 
Total soluble, rh 7,325 13,000 21,100 
“*True protein,’’ ‘‘ 18,800 21,200 18,800 18,800 
ROOTS 
Green wt., gm. 87.0* 86.3 86.0 84.5 
Dry wt., gm. 5.47* 5.94 5.58 6.08 
% moisture 93.7 93.1 93.5 92.8 
pH of sap ... 6.70 6.73 6.95 6.96 
Total sugar, % dry wt. 5.72 5.63 4.37 4,82 
Total N, mg. N/kg. dry wt. 14,950 21,200 28,400 32,600 
Ammonia, sis 415 553 905 1,820 
Glutamine, “i 425 3,180 2,100 3,560 
Asparagine, 65 554 2,720 3,080 7,340 
Residual q-amino, ‘‘ 823 3,110 3,920 6,020 
* Caleulated from the weights for 6 plants. 
precipitable, and alkaloid nitrogen determined on the hydrolysate. Fifty- 


ml. aliquots of trichloracetic acid treated sap were refluxed for 16 hours with 
0.2 gm. stannous chloride and 50 ml. concentrated HCl. In common with the 
experience of others on plant sap (22), the presence of a reducing agent did 
not prevent the formation of humin. The humin was filtered off and the 
filtrate concentrated on the steam bath to drive off the HCL It was then 
made alkaline to bromeresol purple and heated on the steam bath to drive 
off any ammonia liberated during hydrolysis. The solution was filtered, 


acidified with acetic acid, and g-amino nitrogen run on the filtrate. The 
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difference between g-amino nitrogen before and after hydrolysis is reported 
in table II as peptide nitrogen although admittedly a portion of the trypto- 
phane, cystine and tyrosine and possibly other amino acids were probably 
lost. [See the review of Luge (18).| Nevertheless, the data do indicate that 
there was a considerable amount of peptide and similar nitrogen in the sap 
not precipitated by trichloracetic acid under the conditions employed ; and 
that this nitrogen increases more than 8-fold during ammonium nutrition. 

The humin nitrogen resulting from the filtration of the hydrolysate and 
that obtained by filtration after concentration and neutralization of the 
hydrolysate were combined and total nitrogen determined. Table II indi- 
cates that there was also a significant increase in this fraction during ammo- 


TABLE II 


CHEMICAL COMPOSITION, GREEN AND DRY WEIGHTS, AND MOISTURE CONTENT OF THE TOPS 
AND ROOTS OF 15 CORN PLANTS GROWN IN A LOW-NITROGEN SOLUTION AND THEN 
TRANSFERRED TO A COMPLETE NUTRIENT SOLUTION CONTAINING 
60 MEQ./L. (NH,).SO, For 7 DAYS 








Tops 





Days in solution 7 
ea, SB CS nee 375 
56.9 
84.8 
. 5.40 
Total sugar, % dry wt. ......... J 9.50 
Nitrogen fractions: 
Total, mg. N/kg. dry wt. . 23,000 
Ammonia, sb 5 adlessticeta a 225 
Glutamine, Satecnibit ‘ 897 
Asparagine, as ae AT é 1,720 
Residual qg-amino, ‘‘ eau 2,470 
Peptide, -" 1,440 
Humin, se Fe 422 
Undeter. sol., “e Sp iinaontie 726 
Total soluble, vi Ssiiesiad 5 7,900 
**True protein,’’ ‘‘ 7 12,700 
Basic, “ 192 























nium nutrition. This is not surprising in view of the probable source of 
humin from amino acids condensing with aldehydes, ete., and to the fact that 
the peptides and amino nitrogen had increased during the same interval. 

Since the humin nitrogen probably came from either the free amino 
nitrogen or from the amino nitrogen resulting from polypeptide hydrolysis 
(thereby making the apparent peptide nitrogen less than its probable value 
since it is obtained by difference) it can be legitimately added to the deter- 
mined forms of nitrogen in table II of the sap of the tops to caleulate the 
undetermined or ‘‘rest’’ nitrogen by subtraction from the total soluble nitro- 
gen. The data indicate no significant change in this ‘‘rest’’ nitrogen. 

In view of the evidence that the leaf proteins of corn contain over 14 per 
cent. arginine (3), it was desired to determine to what extent this amino acid 
was a portion of the amino acids synthesized. Because of the lack of mate- 
rial for precipitation and purification of arginine, the basic amino acids were 
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Fie. 1. Ammonia nitrogen did not increase in the tops of corn until after injury 
symptoms appeared and ammonia nitrogen had accumulated in the roots. 


precipitated from the hydrolysate mentioned above by the procedure of 
Umpreit and Witson (35) except that the precipitating volume was doubled 
by the addition of distilled water and enough sulphuric acid to maintain the 
sulphuric acid at the concentration recommended. Dilution is necessary 
because of the low solubility of the phosphotungstates of some of the non- 
basic amino acids according to Vickery in a communication to THomas (34). 
Table II indicates that the nitrogen precipitated by this reagent during the 
period of ammonium nutrition is almost doubled. The increase of 92 mg. 
N/kg., in the basic nitrogen, only a small portion of which is probably 
a-amino nitrogen determinable by the Van Slyke procedure, is only a small 
fraction of the increase of 1740 mg. residual q-amino N/kg. noted. There- 
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Fig. 2. Glutamine nitrogen increased more rapidly in the roots than in the tops of 
corn supplied with ammonium nitrogen. The decrease o1' glutamine nitrogen in the 
roots between 3 and 6 days is discussed in the text. 
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Fic. 3. Asparagine nitrogen increased more rapidly in the roots than in the tops 
of corn supplied with ammonium nitrogen. 


fore, it appears probable that histidine, lysine, and arginine do not consti- 
tute an important portion of the residual amino nitrogen elaborated. 

As previously mentioned, alkaloids are generally considered to be very 
low or non-existent in the Monocotyledoneae, but it was deemed advisable to 
determine if there was any synthesis of this class of compounds under the 
special conditions imposed by the experiments. Alkaloid nitrogen was esti- 
mated on the hydrolysate of experiment 2 by the colorimetric determination 


of bismuth precipitated by the combination of alkaloids and betaines with 
KBil, according to the procedure of Kuers and Livser (15). Using their 
atomic ratio Bi: N equals 1:2 for the precipitate as determined for stachy- 
. drine and trigonelline, this form of nitrogen was found to amount to about 
10 mg./kg., an insignificant proportion of the soluble nitrogen, and showed 
little variation under the conditions of ammonium nutrition. 
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Fie. 4. Residual a-amino nitrogen, like glutamine and asparagine nitrogen, aceu- 
mulated more rapidly in the roots than in the tops of corn. 
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THE SITE OF AMMONIUM METABOLISM 


The data of table I graphed in figures 1, 2, 3, and 4 for ammonia, 
glutamine, asparagine, and residual amino nitrogen, respectively, on a dry 
weight basis for the roots and tops show the rate of accumulation of these 
compounds. From figure 1 it is apparent that the ammonium gradually 
increases in the roots as the external concentration was raised, but that in 
the tops it did not accumulate until it had reached a relatively high level 
in the roots. Glutamine, asparagine and residual amino nitrogen accumu- 
lated more rapidly and reached much higher values in the roots than they 
did in the tops. 

In figure 2 a loss of glutamine is indicated from the roots for the interval 
3 to 6 days which amounted to a total of 7.1 mg. of glutamine nitrogen, but 

. the tops gained during the same period 19.7 mg. of glutamine nitrogen. 
evidently translocated from the roots. That there may be rapid transloca- 
tion from root to shoot of amide nitrogen has been shown in experiments to 
be reported later in which plants purposely increased in amide content by 
the technique described here and then transferred to solutions lacking 
nitrogen rapidly lost practically all of the glutamine and part of the aspara- 
gine from the roots. 

As in all experiments with intact plants relative amounts of constituents 
may not reflect the primary centers of synthesis because of rapid transloca- 
tion. However, the evidence offered here suggests that the ammonia is 
largely combined with organic precursors of the amides and amino acids in 
the roots and that these are translocated upward into the tops. Consistent 
with the explanation that ammonia is largely metabolized in the roots is the 
fact that ammonia does not appear in the tops in appreciable amounts until 
the roots have apparently reached their capacity to assimilate it as fast as 
it is absorbed. This formation of amides and amino acids in the roots has 
its parallel in other work since excised roots of barley in ammonium solu- 
tions elaborate amides, largely glutamine, which accumulate in the roots 
(10), beet roots synthesize glutamine from absorbed ammonium (40), and 
apple rootlets reduce nitrate with the formation of amino acids (33). 


Discussion 


One of the most conspicuous effects of ammonium nutrition on corn was 
the rolling of the leaves and other indications of moisture deficit within the 
plant. This was apparent in the decrease in moisture content of the tops 
before the leaves showed visible indications. A similar effect of ammonium 
salts has been noted for the grasses, Phalaris tuberosa L. and Lolium maidti- 
florum Lam, (25), and ammonium as compared with nitrate nutrition of 
cotton (12). Vickery et al. (44), however, found that tobacco growing 
in sand culture with varying proportions of ammonium to nitrate nitrogen 
were higher in moisture at the higher ammonium levels. HAywarp and 
Spurr (7) have shown that increasing concentrations of salts markedly 
lower the water absorption of corn roots and attributed this effect to the 
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increasing osmotic concentrations. Although the relatively high osmotic 
pressure of the solutions containing (NH,).SO, may have contributed to 
the low moisture content of the tops of the plants in the experiments re- 
ported in this paper, when similar plants were transferred to solutions lack- 
ing (NH,).S0,, in experiments to be reported later, the plants continued 
to show symptoms of severe water deficit to the termination of the experi- 
ment (8 days) indicating that the water deficit was dependent to a great 
extent on changes occurring during the period of ammonium nutrition. 
PearsaLt and Ewine (23) concluded from experiments with a variety of 
plants grown with different levels of nitrate in sand culture that the in- 
creased water content noted with increasing nitrogen supplies was depen- 
dent on the increased pH of the expressed sap affecting the swelling of the 
proteins. However, in the experiments reported here decreasing water 
content was noted with increasing supplies of ammonium sulphate and with 
increasing pH of the expressed sap. It is evident that the relations between 
water content, pH, and nitrogen nutrition are complex. Whether the loss 
of turgor noted in these experiments was due to depressed absorption of 
water, to a higher rate of transpiration, or was due to some physical or 
metabolic factor or factors controlling the hydration of colloidal and cell 
surfaces was not determined. 

Tables I and II indicate that there has been little change in the level 
of ‘‘true protein’’ even though the quantities of total soluble nitrogen, 
amides, amino acids, and other forms of soluble nitrogen increased greatly 
during the period of ammonium nutrition. Because attempts at isolating 
and purifying the proteins of vegetative tissue have led to very poor yields 
(2, 38), the investigator for the present at least, must be content with using 
some arbitrarily chosen solvent or group of solvents under varying condi- 
tions of concentration, pH, and temperature in determining what is protein 
and what is not protein. That class of compounds lying intermediate be- 
tween the amino acids and the true proteins and even some of the free 
amino acids themselves may be soluble or insoluble depending upon the 
‘*protein’’ precipitant and the exact conditions of its use. With these pre- 
cautions in mind when “‘true protein’’ is considered it is apparent that the 
experimental conditions altered the protein level but little in spite of the 
injury and the increases in amino nitrogen obtained. Therefore, the net 
increases in amides, amino acids and other soluble compounds must have 
come, for the most part, from the ammonium absorbed rather than from the 
breakdown of proteins. This assumption, of course, does not ignore that 
there may not have been an exchange of nitrogen from the soluble forms for 
the nitrogen in the proteins in a protein cycle as has been demonstrated with 
tobacco (43) and with sunflowers (8) by isotopic technique or that a part of 
the compounds synthesized went into the formation of new protein incident 
to growth. Hence, these experiments in many respects are not comparable 
with those on germinating seeds, detached leaves growing in the dark or in 
the light, or with plants in the dark in which there is a net deerease in pro- 
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tein and the amino acids and even the amides can come either from the 
hydrolysis of the protein (primary origin) or from secondary reactions 
following the deamination of a part of the amino acids (secondary origin). 

CHIBNALL (2) summarizes the many theories of protein regulation in the 
plant that have been advanced among which are the amino acid level, the 
oxygen supply, the level of carbohydrate and ammonia compounds acting 
through the ‘‘mass-action law,’’ the respiratory rate and the water content 
theories, but the more modern concepts regard protein as being maintained 
at a super-optimum level by a continuous expenditure of energy (24, 26). 
The results given in this paper with corn show that in spite of the decreasing 
water content and increasing amino nitrogen content resulting from ammo- 
nium nutrition and with an abundance of carbohydrate present, there was . 
little effect on the protein content. In corn, evidently, factors more decisive 
than water content, amino acid level, or potential ammonia compounds and 
abundant carbohydrate regulate the protein level. 


TABLE III 


INCREASE IN SOLUBLE NITROGEN CONSTITUENTS EXPRESSED IN MG. N/KG., PERCENTAGE 
OF THE INCREASE IN TOTAL SOLUBLE NITROGEN, AND IN PERCENTAGE OF 
THEIR ORIGINAL VALUES FOR THE ROOTS AND TOPS OF CORN 
PLANTS AS CALCULATED FROM TABLE II 




















Tops Roots 
mg./kg.| % TSN* | % of orig. | mg./kg.| % TSN* | % of orig. 
eg } 

Total sol. N Co - iN 237 5690 | 195 
Ammonia N . 4 181 3.3 413 431 | - ae 186 
Glutamine N 803 14.5 860 1164 20.5 | 798 
Asparagine N 1515 27.3 738 1715 30.2 763 
Res. i 1740 31.4 239 380 | 6.7 26 
1267 22.8 732 a nie aa 

62 1.1 17 ee ee Ree. 

92 1.7 92 See Me Fe Sir 




















* TSN = Total soluble nitrogen. 


The increase in soluble nitrogen and other nitrogen fractions for the tops 
and roots of the plants of experiment 2 in mg. N/kg. and in percentage of 
the increase in soluble nitrogen and in percentage of the original values is 
shown in table III. The apparent amounts of various compounds synthe- 
sized and the percentage of each synthesized in relation to the increase in 
total soluble nitrogen and in percentage of the original values is shown in 
table IV. The asparagine synthesized on a nitrogen basis is approximately 
twice the amount of glutamine produced. This was also apparent for the 
first experiment in which 12 plants for a 13-day period synthesized 214 mg. 
asparagine nitrogen and 114 mg. of glutamine nitrogen or 1.89 times as much 
asparagine as glutamine. This does not mean, however, that analysis of corn 
will always show twice as much asparagine as glutamine. In this laboratory, 
analysis of samples of relatively mature stalks and leaves grown under field 
conditions have frequently shown more glutamine than asparagine. This 
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may be due as ScHwas (31) has shown to the fact that the typical amide of 
a plant is both synthesized and decomposed more rapidly than the other. 
Therefore, under certain conditions in which amides are being depleted in 
corn, glutamine might occur in excess of asparagine. 

In table ITI the data for tops and in table IV the data for the entire plant 
indicate that residual amino nitrogen may occupy a position as important 
as that of asparagine in the metabolism of ammonium. However, this is not 
always true as indicated by experiment 1 in which the gain in total residual 
a-amino nitrogen amounted to less than half the increases in total asparagine 
nitrogen for 12 plants for the periods 0-3 days, 0-6, and 0-13 days. Table I 
indicates that all of this gain of residual amino nitrogen for the 0-3- and 0—6- 
day periods was in the roots rather than in the tops. The limited data of 
table III for peptide nitrogen indicate that this fraction also accounts for 
a large part of the increase in soluble nitrogen and that the basic nitrogen 
and humin nitrogen account for but little of the increase. 


TABLE IV 


INCREASE IN CERTAIN SOLUBLE NITROGEN CONSTITUENTS OF 15 CORN PLANTS EXPRESSED AS 
MG. NITROGEN, AS PERCENTAGE OF THE INCREASE OF TOTAL SOLUBLE NITROGEN, 
AND AS PERCENTAGE OF THE ORIGINAL VALUES FOR EACH CON- 
STITUENT AS CALCULATED FROM TABLE II 














mg. N sgt IN % of original 
Total soluble N ere: 416 272 
Ammonia N . 17.3 . 353 
Glutamine N. pe 62.8 s | 968 








112 26. 205 


Res. q-amino N .... 








Asparagine SS | 112 26. 862 








The data of tables III and IV indicate that the various categories of 
nitrogen compounds do not increase in equal proportion when ammonium 
is supplied. Thus for 15 plants the increase in glutamine was 9.68 times the 
original value whereas the increase of residual amino nitrogen amounted to 
only 2.05 times its original value. Hence, no simple equilibrium relations 
exist between the ammonia, the respective amides, and the other compounds, 
but that the proportions are controlled by the enzyme systems and the ener- 
geties of the protoplasm itself. 

These experiments place corn in that group of plants which contain 
appreciable amounts of both glutamine and asparagine and are capable of 
synthesizing both amides under appropriate conditions as distinet from the 
group which accumulate only glutamine like the beet (40) and the tomato 
(41) or that group which accumulates only asparagine like Sudan grass and 
Kikuyu grass (47, 48). Curenaut (2) and Vickery and PucHer (39) have 
considered amide formation to be a regular phase in the respiratory metabo- 
lism of the plant in contrast with the older view that their oceurrence was 
for the sole purpose of detoxicating ammonia. In accordance with this view 
the accumulation of ammonia eventually noted in the sap of the plants in 
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these experiments can be regarded as a consequence of a rate of absorption 
exceeding the capacity of the system to metabolize it to amides, amino acids, 
and other nitrogen compounds perhaps due to the limited rate at which 
certain essential precursors are produced. 

Several investigations (23, 25, 32) have shown that the amino acid eon- 
tent of a plant may be increased either by the amount or the form of nitrogen 
supplied. Unfortunately, in many investigations ammonia and glutamine 
amide nitrogen are not removed before the g-amino nitrogen is determined; 
so that the resulting values are higher than they should be. If this correc- 
tion is made and if the treatments are compared on a residual-amino nitrogen 
basis, there is frequently little change. These experiments show that the 
residual amino nitrogen may be altered by ammonium nutrition, and hence, 
this fraction in corn occupies an important position in the assimilation of 
ammonium. Evidence has shown that only a small part of the increase 
observed can be in the basic amino acid fraction. The remainder of the 
increase may consist of a whole series of amino acids, or it may be an increase 
in only one amino acid. There is the possibility that glutamic or aspartic 
acids may be synthesized in addition to that proportion of each associated 
with the respective amides. However, Woop and CruicsHANK (47) have 
shown with Kikuyu grass that the aspartic acid content closely paralleled 
that of the asparagine. That the amino acids are not synthesized in the same 
proportion as they occur in the leaf proteins has been indicated by the low 
proportion of basic amino nitrogen synthesized in relation to its proportion 
in the proteins of corn and by the large amounts of glutamic acid and 
aspartic acid associated with the amides. Woop and CruicsHANK (47) have 
shown that in starving grass leaves in which proteins were being hydrolyzed, 
the amino acids are preferentially oxidized, cystine being the most rapid; 
and this results in.a different proportion in the free amino acids as compared 
with those in the original protein. In these experiments with corn, there 
is no reason to believe that the amino acids would be synthesized in propor- 
tions similar to that of the proteins. If such a phenomena did occur differ- 
ential oxidations might alter the proportions. 


Summary 


1. Corn plants previously depleted in soluble nitrogen compounds and 
showing nitrogen deficiency symptoms on the lower leaves rapidly absorb 
nitrogen from a complete nutrient solution containing (NH,).SO, and con- 
tinue to increase in weight. 

2. In time studies in which the (NH,).SO, concentration was gradually 
increased to produce toxicity symptoms, injury did not appear until the 
soluble nitrogen constituents of the plant sap had reached relatively high 
levels. The most notable toxicity symptoms were severe water deficit and 
necrotic areas on the leaves and leaf tips. 

3. Analysis of the expressed sap showed that large amounts of glutamine, 
asparagine, g-amino and other forms of soluble organic nitrogen accumu- 
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lated in the roots and tops. Ammonium did not increase rapidly until the 
soluble nitrogen had reached high values. There was a slight increase in pH 
of the sap of roots and tops. There was little change in total sugar or ‘‘true 
protein’’ determined on dry material. 

4. Sap analysis on plants in a similar experiment indicated that part of 
the increase in soluble nitrogen was due to peptides and compounds that 
formed humin on acid hydrolysis of the deproteinized sap. Only a very 
small portion of the g-amino nitrogen synthesized is basic amino acids. 
Undetermined soluble nitrogen and alkaloid nitrogen remained constant 
during ammonium nutrition. 

5. Comparative rates of accumulation of nitrogen compounds in the roots 
and tops suggest that absorbed ammonium is metabolized to asparagine, 
glutamine, and g-amino nitrogen mainly in the roots and subsequently trans- 
located to the shoots. 

6. On a nitrogen basis asparagine accumulates twice as rapidly as gluta- 
mine. One or more amino acids, other than glutamic and aspartic associated 
with the amides, may be quantitatively as important as asparagine in the 
metabolism of ammonium by corn. The accumulation of g-amino nitrogen 
in the apparent absence of net protein hydrolysis is discussed. 

7. The ‘‘true protein’’ level is discussed in relation to water, amino acid, 
and sugar contents and to current theories of protein regulation. 
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THE EFFECT OF COPPER DEFICIENCY ON THE NITROGEN 
METABOLISM AND OIL SYNTHESIS OF THE TUNG TREE 


Stymourm G. GitBertT, Haroutv M. SELL, AxD 
MaTTHEW DROSDOFF 


A recent review (6) indicates that most of the literature on copper defi- 
ciency in plants is concerned with its occurrence and correction under field 
conditions. Only a few studies are cited as evidence of essentiality of cop- 
per in nutrient culture because of the experimental difficulties involved. 
This element, however, is now regarded as essential to plant growth, though 
its specific physiological réle has not been determined. Recently Bamzy 
and McHaraevug (5), comparing the enzymatic activities of copper-deficient 
and normal tomato plants, found that the only exceptional enzyme activity 
that could be correlated with increasing increments of copper was that of 
pyrogallal oxidase. ArNon (1) has found that copper is beneficial in pro- 
moting the growth of barley in non-aerated solutions, but his data do not 
show the definite réle of copper in the metabolism of the plant. An inter- 
esting suggestion has been offered by Camp and Fupce (8) that in citrus 
the relationship between nitrogen and copper may be so important that the 
symptoms may more properly be regarded as a consequence of an unbal- 
anced copper-nitrogen ratio than of copper deficiency alone. 

Recently, a disorder of tung trees (Aleurites fordii Hemsl.) has been 
described by Drosporr and Dickey (11). They corrected the disorder by 
the application of copper sulphate to the soil around the tree or to the leaves 
as a spray. They found that in July normal trees had, on a dry-weight 
basis, 5 or more p.p.m. of copper in the midshoot leaves, whereas similarly 
located leaves on severely affected trees had only 2 to 3 p.p.m. of copper. 
The occurrence of this disorder in a commercial orchard of bearing 8-year- 
old trees near Morriston, Florida, provided material for a study of its effect 
on the seasonal content of reserve food material in the leaves and the syn- 
thesis of oil and other reserves in the fruit. 


Methods 


In the early summer of 1942, the trees were rated as to the extent of the 
injury to the foliage caused by the deficiency. Four plots of 10 trees each 
were selected, 2 of the plots having trees uniformly affected with the trouble 
and, in an adjacent area of the same orchard, 2 plots having normal appear- 
ing trees. A composite sample of 20 midshoot leaves from each tree or 200 
total was taken to represent each plot. Care was taken to avoid the severely 
necrotic terminal leaves of the deficient trees, the samples being representa- 
tive of the midshoot leaves exhibiting incipient deficiency symptoms. Com- 
posite samples of 30 fruits, 3 from each of the 10 trees, were also taken at 
random from positions representative of the bearing surface of each tree. 
Both leaf and fruit samples were obtained on June 28, August 15, and Octo- 


290 








GILBERT ET AL.; OIL SYNTHESIS OF THE TUNG TREE 291 


ber 23, to correspond with the respective periods: (1) just preceding syn- 
thesis of oil in the kernels, (II) mid-point of active oil formation, and (IIT) 
maturation of the kernel, as had been indicated by previous studies (21). 

The composite samples of leaves and fruit were separately prepared for 
analysis essentially as described by Seu et al. (21). Aliquots of each com- 
posite were preserved in 80 per cent. ethanol for carbohydrate analyses. 
Separate aliquots for the determination of dry weight were taken, and these 
samples were heated to 105° C. for 5 minutes, then dried for at least 12 
hours at 70° C. in an oven with forced draft. The kernel fraction of the 
fruit was flaked on an inverted carpenter plane and dried to constant weight 
over phosphorus pentoxide in a vacuum oven at 70° C. and 4-mm. pressure. 
After drying, the samples, other than kernel samples for oil determinations, 
were ground in an Intermediate Wiley mill, using a 60-mesh sereen. This 
material was used for the determination of total and water-soluble nitrogen 
and copper. Grinding in this mill had been found in preliminary trials to 
give no detectable contamination with copper, as has also been reported by 
Battey and McHareve (4). 

The carbohydrate fractions were determined exactly as described by 
Sex et al. (21). Total nitrogen was determined by the Kjeldahl procedure, 
A.O.A.C. (2). Water-soluble nitrogen was determined by digesting a 10- 
gm. sample of the dried material with 250 ml. of distilled water in a covered 
400-ml. beaker for one-half hour on a steam bath. The contents of the 
beaker were then filtered through a 9-em. #00 Munktell filter paper on a 
Buchner funnel into a suction flask. The residue on the filter paper was 
then washed with four 50-ml. portions of hot distilled water, the separate 
portions being added from a graduated cylinder to avoid channeling of the 
residue during washing. The filtrate was then transferred to a 500-ml. 
volumetric flask and made to volume with the rinsings of the suction flask. 
A 200-ml. aliquot was transferred to an 800-ml. Kjeldahl! flask, 1 ml. of con- 
centrated sulphuric acid added and the water removed by evacuation while 
on a steam bath. The nitrogen of the aliquot was then determined by the 
standard Kjeldahl method, using salicylic acid in the digestion mixture, 
although colorimetric tests had failed to indicate the presence of nitrate in 
any of the samples of leaves and fruit. Biuret tests for polypeptides on the 
water-soluble fractions proved negative. 

Another 200-ml. aliquot was transferred to a 300-ml. standard taper 
Erlenmeyer flask, 20 ml. of 12 N H.SO, added, and the solution was refluxed 
in a boiling water bath for 3 hours (20). The digest was then transferred 
to a Kjeldahl flask, washing five times with 60-ml. portions of water, 35 ml. 
of 10N NaOH added, and the ammonia distilled. The distillate was col- 
lected in an Erlenmeyer flask containing 25 ml. of 4 per cent. borie acid and 
titrated to the methylene blue—methyl red end point with 0.03 N HCl. This 
fraction is most accurately called hydrolyzable reduced nitrogen. Since no 
ammonium nitrogen was detected in the original water extract by the 
vacuum distillation method of Pucuer et al. (20), this fraction is probably 











292 PLANT PHYSIOLOGY 


entirely amide nitrogen and will be so designated in this paper although 
specific amides were not isolated. 

The difference between the water-soluble nitrogen and its amide-nitrogen 
fraction is, in the absence of both ammonium and nitrate ions, probably prin- 
cipally amino nitrogen and will be so designated in this paper although no 
specific determinations were made of this group. The amino-nitrogen link- 
age is not readily hydrolyzed by weak acid or alkaline solutions. 

Protein nitrogen was calculated as the difference between total and 
water-soluble nitrogen since the usual water-soluble proteins are rendered 
insoluble in this procedure. Copper was determined by a colorimetric- 
carbamate method (10) after incinerating a 5-gm. sample in a platinum 
dish for 7 hours in a muffle oven at 450° C. and dissolving the ash in 6 N HCl. 

Oil was determined in the flaked vacuum-dried samples of kernels by ex- 
traction with petroleum ether. Since it was impossible to flake the August 
samples thinly enough, the extracted meal was ground to 60 mesh and re- 
extracted, and the tota] oil was calculated after appropriate correction for 
loss of material in grinding. 


Results 
LEAVES 


Since each determination represents the analysis from one composite 
sample per plot, the data could be subjected to statistical treatment by 
analysis of variance. The significance of the mean differences and seasonal 
interactions obtained were thus tested. Only the averages of the two deter- 
minations of each constituent per treatment are presented. 

The data on the leaf composition are given in table I. Although the 
average milligrams of dry matter per leaf was higher for the deficient trees 
than for the normal ones, this difference is not significant in view of the high 
variability between readings. The deficient leaves, however, were lower 
than the normal ones in percentage of dry matter at all sampling periods. 
Leaves from deficient trees tended to have a lower percentage of reducing 
sugar than those from normal trees, a statistically significant but not out- 
standing difference. Non-reducing sugars remained rather constant in both 
types of leaves and on all three dates. There were highly significant dif- 
ferences, however, in the starch content of the leaves, particularly in the 
middle of August when formation of oil oceurred in the fruit (21). At 
that time, the percentage of starch in the normal leaves was about 15 times 
that in the deficient ones. The acid-hydrolyzable polysaccharides, other 
than starch, tended to be somewhat higher in the deficient than in the normal 
leaves at the first and third sampling periods; but the difference lacks sta- 
tistical significance, and the physiological significance of this conglomerate 
fraction is uncertain. 

The outstanding difference in the nitrogen fractions was the large amount 
of protein nitrogen contained in the deficient leaves on both a percentage 
and a per-leaf basis. The differences in soluble nitrogen per leaf (sum of 
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294 PLANT PHYSIOLOGY 


the amide and amino fractions) were of the same order. An inerease from 


June to August in the amide form of nitrogen was found in both normal 


and deficient leaves but was especially marked in the deficient leaves, where 
there was a concomitant marked decrease in amino nitrogen. 

The copper content was always lower in the deficient leaves but increased 
during the season in both normal and deficient leaves. This was in accord 
with field observation that the leaf-deficiency symptoms tend to disappear 
toward the end of the growing season. 


FRUIT AND ITS COMPONENT PARTS 


The data on the analysis of the kernels are presented in table II and on 
the hulls in table III. These data, together with the data on the analysis of 
the shells, were combined in table IV to give the composition of the fruit as 
a whole. ‘The shells were included with the kernel fraction at the first 
sampling period because of the difficulty of mechanical separation at this 
stage. At the other periods, the shells were removed from the kernels and 
analyzed separately. Since the composition of the shells was found to be 
quite similar to the hulls, the data for this fraction are not presented here 
except as included in the calculation of the composition of the whole fruit. 


KERNELS 


In the June samples, which consisted of the whole tung nuts (kernels 
plus shells) and which were taken prior to the initiation of oil synthesis, 
there were no significant differences in dry weight or percentage of dry 
matter between the normal and deficient nuts (table II). Im August the 
dry weight of the kernels of fruits from deficient trees was about 60 per cent. 
of what it was for normal trees. At maturity the dry weight of the kernels 
from deficient trees was 78 per cent. of that for the normal trees. 

In June there was a significantly higher percentage content of sucrose 
and of starch but a lower amount of residual polysaccharides in the nuts 
from deficient trees than there was in those from normal trees. By August 
reducing sugar and starch had disappeared, and the differences in non- 
reducing sugar and polysaccharides are of doubtful significance. While 
starch continued to be absent from the kernels at maturity, reducing sugar 
accumulated again, particularly in the kernels from normal trees. Poly- 
saccharides were likewise significantly lower, both on a percentage and a 
milligram basis, in the kernels from the deficient trees than they were in 
those from normal trees at the last date. In contrast to the leaf condition 
at the first sampling period, there were no significant differences in amount 
of either total or protein nitrogen between the two sets of nuts at the June 
sampling period. While the differences in the carbohydrate fractions in the 
nuts from deficient and normal trees were the opposite of those found in the 
leaves at this sampling period, the relationships of the amide and amino 
nitrogen fractions of the nuts were similar to those of the leaves. At the 
second date the nitrogen content in milligrams of the kernels from deficient 
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296 PLANT PHYSIOLOGY 


trees was less than that of kernels from normal] trees; there was a higher 
percentage of nitrogen, particularly soluble nitrogen, in the former. At 
maturity, however, although the percentage of total nitrogen was high, the 
milligram content per kernel was not significantly higher in the kernels 
from the deficient trees than in those from the normal trees because of their 
low dry weight. 

No oil was found in June; but oil formation was well under way at the 
time of the August sampling, and about 10 per cent. of the final oil content 
on the per-fruit basis had already been formed. Since the percentage of 
oil was then about equal in kernels from normal and deficient trees, total 
oil per fruit was in about the same proportion as dry weight. The October 
samples of kernels from the deficient trees had a markedly lower percentage 
of oil than samples from normal trees, and the total amount of oil in the 
fruit from deficient trees was only about two-thirds that from the normal 
trees. 

HvLis 

The hulls (table III) of fruit from deficient trees tended to be lower in 
percentage and amount of dry matter than were the hulls from normal trees 
at all three sampling dates. The differences had statistical significance at 
approximately the 0.05 level on a weight-per-hull basis, and on a percentage 
basis they were significant for the first two sampling dates. At the first 
sampling date there were no significant differences in the sugar fractions 
in the hulls (table III), but the starch and other polysaccharides were lower 
on a percentage basis in the hulls from deficient trees than in those from 
normal trees. The sugar and starch content of the hulls in August was not 
affected significantly by copper deficiency. On a percentage basis, the ma- 
ture hulls of fruits from deficient trees showed no differences in sugar and 
starch content from hulls of fruit from normal trees. The hulls from defi- 
cient trees were smaller than those of normal fruit and therefore had less 
of these carbohydrates on a milligram basis, but the differences were not 
significant. The residual polysaccharides, however, were significantly lower 
in the hulls from deficient trees than they were in the hulls from normal 
trees on both a percentage and a milligram basis at the three sampling dates. 

In contrast to the carbohydrate data, all fractions of nitrogen were much 
higher in the hulls from the deficient trees than in those from normal trees. 
The differences were of very high order of significance on both percentage 
and per-hull bases. On the first two dates about 50 mg. of the total nitrogen 
per hull was in water-soluble compounds in the hulls of fruit from deficient 
trees in comparison with about 15 mg. of such nitrogen in the normal trees. 
The amounts on the last sampling date were 12.0 and 3.5 mg., respectively. 


Frvuir 


The trends in composition of the whole tung fruit generally follow the 
trends in the hulls. The differences in dry weight per fruit and in per- 
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centage of dry matter between fruit from normal and deficient trees were 
consistently significant throughout the season, being lower in the fruit from 
deficient trees. 

The reducing sugar data showed no significant differences. Non-reduc- 
ing sugar in the fruit from deficient trees was significantly higher than 
normal on a percentage basis, the difference becoming less as the season ad- 
vanced. Differences in starch were not significant while the residual poly- 
saccharides were consistently higher in the fruit from normal trees on a per- 
fruit basis and also on a percentage basis except for the August date. 

As would be anticipated from the trends observed in the hulls and ker- 
nels, total nitrogen was higher on both weight-per-fruit and percentage bases 
in fruit from deficient trees than in fruit from normal trees. 

Since the protein content of the fruit from deficient trees (table IV) - 
was considerably greater than that from normal trees, and since proteins 
are not normally translocated in the elaborated form, it would seem that 
the process of translocation of soluble nitrogenous compounds to fruit had 
not been interfered with and that low copper content may have increased the 
synthesis of proteinaceous compounds within the fruit. 


Discussion 


The most outstanding observation made in this work is that nitrogen 
metabolism was abnormal in the leaves and the fruit from copper-deficient 
tung trees. In this study a higher percentage of total nitrogen was always 
present in copper-deficient than in normal tissues at the same sampling 
period, which condition was associated with less starch in the leaves and 
less of other polysaccharides in the fruit parts. The synthesis of complex 
nitrogenous substances would account for the reduction in these carbohy- 
drates, since such compounds are formed at the expense of part of the carbo- 
hydrate reserves. However, a study of the rate of apparent photosynthesis 
(18) in the copper-deficient tung leaves showed that it was only about one- 
fourth that of normal leaves. Thus the subnormal rate of apparent photo- 
synthesis of deficient leaves, as well as the utilization of carbohydrates in 
protein synthesis, may account for the low carbohydrate reserves. Several 
factors could thus contribute to the final result, for a direct relation between 
synthesis of proteins and respiration has been observed (9). This positive 
relation would tend to increase the amount of carbon dioxide respired and 
thus to reduce the apparent rate of photosynthesis. 

The existence of a relationship of nitrogen to copper deficiency has long 
been recognized in Florida citrus trees. FLoyp (12) refers to the relation- 
ship between heavy applications of nitrogenous fertilizers and the develop- 
ment of the symptoms of a disease known as ‘‘ammoniation’’ or exanthema. 
More recently, CAmp and F'upege (8) have suggested that this disorder may 
be caused by an improper copper-nitrogen balance. The data referred to 
(13) are limited, but the suggestion is in agreement with the data on tung 
reported here. 
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One possible explanation that may be ac\aneed for this relationship is 
that the excessive growth induced by heavy nit. yen applications results in 
a dilution of the available copper in the plant. This hypothesis, however, 
is not in accord with the fact that, as is evident from the description of this 
disorder in a number of plants (3), an important and characteristic symp- 
tom of the disease is cessation of terminal growth and a pronounced ‘‘die- 
back.’’ An extensive examination of this feature was made on young tung 
trees (14) and the additional unpublished data show conclusively that even 
in the early stages of a copper deficiency induced by heavy nitrogen appli- 
cations there is no correlation of linear growth to severity of the disease. 
Under these conditions where copper was a limiting factor, the heavier 
nitrogen applications failed to increase linear growth, yet they greatly 
increased incidence of copper-deficiency symptoms. 

A second possible hypothesis, based on the fact that this dieback is such 
a prominent symptom of this deficiency, would attribute the accumulation 
of nitrogen in the deficient leaf to proteolysis in the terminal leaves and 
bud, followed by translocation of the nitrogen compounds to the midshoot 
leaves. The cessation of terminal growth, resulting from a deficiency of 
copper for meristematic growth, would, moreover, lead to an accumulation 
in these midshoot leaves of the nitrogen absorbed from the soil. An ana- 
logous mineral deficiency primarily affecting meristematic growth is that of 
boron. When the supply of boron is removed from the plant, an aceumula- 
tion of carbohydrates follows (16) and probably a pronounced proteolysis, 
since there is a decrease in protein and an increase in the soluble nitrogen 
fractions (7). Such results would be expected where the ability of the 
cells to divide and synthesize new protoplasm is affected. In copper defi- 
ciency, on the other hand, no such accumulation of carbohydrates takes place 
in the midshoot leaves, and there is, moreover, an increased synthesis of com- 
plex nitrogen compounds. It is evident, therefore, that no simple explana- 
tion based on growth alone will be satisfactory in interpreting the data per- 
taining to copper deficiency. A satisfactory hypothesis must aecount for 
the increased synthesis of complex nitrogenous compounds while the normal 
growth of the plant is disrupted. 

In view of the fact that copper is required by the tung plant in such 
small amounts, this element most probably functions through the enzyme 
system of the plant. The existence of enzymes containing copper as a pros- 
thetic element has been demonstrated for the ascorbic acid oxidase and the 
mono- and polyphenol oxidases (17). 

The phenomenon of the inactivation of copper fungicides by protein- 
aceous substances (15) may be analogous to the effect of nitrogen in in- 
creasing the severity of the symptoms of copper deficiency of tung (14). 
A high protein content within the plant may inactivate the absorbed copper. 
The data obtained in this study show that an abnormally high protein con- 
tent exists in copper-deficient tung leaves. Further work is in progress 
on the nature of the copper/protein relationship in tung. 
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The data on leaf composition could be taken to indicate an active syn- 
thesis of complex compounds of nitrogen, for example protein, in the defi- 
cient leaf with an accumulation of the intermediate forms such as amino 
acids, polypeptides, and amides. The data indicate that a highly abnormal 
amide-nitrogen condition existed in the copper-deficient leaves in August. 
The amide nitrogen is regarded by some workers (22) as acting as an inter- 
mediary in protein synthesis and by others (19) as a manifestation of ab- 
normal nitrogen metabolism such as is found in ammonium detoxification. 

The principal effect in the tung kernels associated with copper deficiency 
was a decrease in the formation of oil. The yield of oil from copper-de- 
ficient trees was only two-thirds of the yield from normal trees because of 
the smaller size of the fruits and the lower percentage of oil in them. Oil 
synthesis, which takes place during the middle and latter part of the grow- 
ing season, is essentially a reduction of carbohydrate (21). A reduction 
in copper supply may play a relatively direct réle by lessening enzymatic 
action in the formation of oil or an indirect réle by preventing an accumu- 
lation of sufficient carbohydrate reserves for maximum oil formation in 
copper-deficient trees. This decrease in oil is of great economic significance 
in tung culture and it emphasizes the importance of supplying sufficient 
copper to trees growing on soils in which this element may be deficient. 


Summary 

The composition of the leaves and fruit of copper-deficient tung trees 
was compared with that of normal trees in the same orchard at different 
times during the growing season, in order to determine how the metabolic 
processes were affected. 

There were no significant differences between leaves from normal and 
copper-deficient trees in the percentage of non-reducing sugar; but the per- 
centage of reducing sugar in deficient leaves was low and that of starch was 
outstandingly low, a condition indicating either a decrease in formation or 
an increase in utilization of reserve carbohydrates in such tissues, or both. 

The total nitrogen of deficient leaves was always higher on both milli- 
gram and percentage bases than that of normal leaves at the same sampling 
date. This difference was due in large measure to the abnormally high 
amount of water-insoluble nitrogen found in deficient leaves. The aceumu- 
lation of this elaborated nitrogen fraction was a characteristic symptom of 
copper deficiency and indicated the importance of copper in the nitrogen 
metabolism of the normal plant. It appears likely that in the absence of 
sufficient copper the plant forms abnormal amounts of complex nitrogen 
compounds at the expense of the carbohydrate reserves. 

The greatest effect of the deficiency on the fruit was the failure of 
the kernel to attain normal size and to synthesize a normal amount of oil. 
This decrease in oil production is of considerable economic importance on 
soils low in copper. 

The composition of the hulls of the tung fruit of normal and deficient 
trees was in general analogous to that of the leaves. 
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The physiology of the copper/nitrogen interrelationship was examined. 


Growth alone cannot account for the effects observed, and, therefore, the 
exact réle of copper in nitrogen metabolism must be given further study. 


The authors are indebted to Mr. Gumurorp T. Sms for the copper analyses 


reported herein. 
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EFFECT OF OXYGEN AND SODIUM THIOGLYCOLLATE 
ON GROWTH OF RICE 


CH’WAN-Kwane LIN 
(WITH ONE FIGURE) 


Rice is the plant upon which a great part of the world’s population 
depends for its principal food supply (42). In most subtropical regions, it 
outyields any other crop per unit area of land. However, there are some 
obvious disadvantages of rice-farming which arise from its cultivation under 
flooded conditions. Irrigation is expensive and in many places impossible. 
In rice countries, a short period of drought may result in a disastrous famine. 
Furthermore, the paddy rice field is the chief breeding ground for mosqui- 
toes which spread malaria. 

For thousands of years rice has been known to be well adapted to a 
semi-aquatic habitat. It is true that there is ‘‘upland rice,’’ but according 
to Jones (23), in the orient and elsewhere, the best upland varieties give 
lower yields when grown on upland than when irrigated. VLAMiIs and 
Davis (41)showed that the growth of rice was consistently better in sub- 
merged soil than in drained soil, even though the latter is watered every day. 
JONEs’ experiments (22) indicate that the average yield of rice over an 
eight-year period increases with the increase of depth of submergence to 
six inches. 

On the other hand, there is no evidence that throughout its growing 
period the rice plant has a water requirement especially higher than that of 
dry land plants. Briggs and SHANtTz (3) give 710 as the average value for 
the water requirement of rice which is not much higher than that of rye and 
considerably lower than those of many legumes and grasses. LEATHER’S 
(27) value for rice is 811, which is about the same as those for flax and 
chickpea. The available data on water requirements of rice are not entirely 
adequate, and the values given are probably too high, as they have been 
obtained under conditions which are unfavorable for the production of dry 
matter of this plant. It is evident that the rice plant would hardly require 
more water for direct consumption than could be adequately supplied by a 
well-drained soil. The effect of the superfluous water on rice growth, then, 
must be indirect. 

Considerable is known as to why a semi-aquatie plant like rice ean flour- 
ish in submerged soil (6, 32, 38), but few attempts have been made to find 
out why it cannot flourish in drained soil. The main emphasis of the present 
investigation is placed on the latter phase of this problem. 

This paper reveals that excessive oxygen is not injurious to the rice plant, 
and a reducing organic substance, sodium thioglycollate, is favorable for its 
growth. The physiological action of sodium thioglycollate is apparently 
related to the iron and nitrogen nutrition. 
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Experimentation 
MATERIALS 


The rice seeds used in all the experiments reported in this paper are of 
1944 California grown early variety, Colusa, obtained through the courtesy 
of Mr. J. W. Jones of the United States Department of Agriculture. The 
wheat seeds used in one of the experiments are of 1943 New York grown 
Yorkwin variety. 

High grade reagent chemicals were employed.. Nitrogen was from a 
commercial tank which contained about 0.2 per cent. oxygen. While all the 
glassware was thoroughly cleaned before use, no special attention was given 
to the quality of glass. Ordinary distilled water was used in all the experi- 
ments. 

OBJECT, PROCEDURES AND RESULTS 


CLOSED CHAMBER WATER CULTURE OF SPROUTS ATTACHED TO THE SEEDS.— 
Suive (35) has recently demonstrated for solution culture that, while the 
growth of tomato and barley is promoted by high concentrations of oxygen, 
soybean is injured by a concentration of oxygen higher than that of the 
atmosphere. In the light of this work, it was thought that rice might be 
even less tolerant than soybean, thus favoring its growth in water-logged 
soil. Although Tayntor (38) and Vuamis and Davis (40) have already 
carried out experiments to study the effect of various oxygen concentrations 
on the growth and respiration of young rice seedlings, their experiments 
have been carried out in darkness, and the highest oxygen concentration 
employed was only 20.8 per cent. The possibility remains that when rapid 
photosynthesis is taking place, the internal concentration of oxygen may be 
raised. Experiments were therefore designed to determine the response of 
rice to a wider range of oxygen concentrations under illumination. 

Uniform seeds were selected and disinfected with a saturated solution of 
calcium hypochlorite for 20 minutes. They were allowed to germinate on 
moistened filter paper in Petri dishes in an ineubator at 28° C. for rice and 
21° C. for wheat. 

For studying the effect of constant oxygen concentrations in closed cham- 
bers fruit jars of half-liter capacity were used. The jars were filled with 
glass beads and distilled water to a depth of about 1.5 inches. A hole was 
drilled through the cover of each jar to accommodate a rubber stopper 
through which was passed a gas-inlet capillary tube which extended nearly 
to the bottom of the jar and a gas-outlet, inverted U-shaped glass tube con- 
nected outside to a small vial to provide a water seal. The inlet tube was 
bent away from the outlet tube to assure a thorough circulation of the gas in 
the jar. 

In each jar, 25 germinated seeds were supported at the surface of the 
water by glass beads. At the start of the experiment, about 3 liters of gas 
mixture were flushed through each chamber within 30 minutes, and subse- 
quently the rate of the gas flow was adjusted at about 5 ml. per minute 
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throughout the experimental period. Gas mixtures were prepared by dis- 
placing definite proportions of tap water from a 20- or 40-liter bottle with 
commercial oxygen where the natural air was employed. No effort was 
made to add CO, to the artificial gas mixtures nor to remove CO, from 
the air. 

Illumination was provided by two fluorescent lamps placed two feet 
above the chambers. For darkness, the fruit jars were completely wrapped 
with black paper. The temperature at different times during the experi- 
mental period varied from 23° to 27° C. 

The time allowed for the germination of the seeds in the incubators 
before the start of the gas treatment was 74 hours in Experiment I, 56 hours 
in Experiment II, and 128 hours in Experiment III. 

It was noticed that after the sprouts were illuminated, the shoots turned 
green rapidly under an oxygen concentration of 5.2 per cent. or above. 


TABLE I* 


EFFECT OF VARIOUS OXYGEN CONCENTRATIONS ON THE GROWTH OF RICE SEEDLINGS UNDER 
CONTINUOUS ILLUMINATION FOR 100 HOURS 



































DRY WEIGHTS OF 25 SEEDLINGS 
Tenquaeas SHOOT /ROOT RATIO 
creas SHOOT Root ToTaL 
% mg. mg. mg. 
0.2 35.3 11.3 46.6 3.13 
1.2 37.5 15.4 52.9 2.44 
5.2 47.7 32.4 80.1 1.47 
10.2 58.8 40.3 99.1 1.46 
20.8 58.6 43.0 101.6 1.36 
50.1 71.1 47.5 118.6 1.50 
* Experiment I. 


There was still no perceptible greening of the shoots subjected to 0.2 per 
cent. oxygen as long as 24 hours after illumination. Only slight greening 
occurred in the shoots in 1.2 per cent. oxygen chambers during the same 
period. By the end of the experimental periods, however, all the shoots 
were green although of lighter shades at lower oxygen concentrations. Rice 
and wheat were similar in their responses. These results are in agreement 
with the findings of others that chlorophyll formation is retarded under 
conditions of oxygen deficiency. 

At the end of the experimental period, all the jars were disconnected 
from the gas system at the same time and placed in an ice chest to stop the 
growth. The seed was then removed from each young seedling. The seed- 
lings were transferred to a Petri dish containing distilled water, and every 
bit of detachable tissue was removed from the basal portion of the shoots. 
The roots and the shoots were carefully separated and transferred to sepa- 
rate crucibles. They were dried at 105° C. for 24 hours and their dry 
weights finally determined. 
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TABLE II* 


EFFECT OF VARIOUS OXYGEN CONCENTRATIONS ON THE GROWTH OF SEEDLINGS OF RICE AND 
WHEAT UNDER CONTINUOUS ILLUMINATION; DURATION: 60 HOURS 
FOR WHEAT AND 100 HOURS FOR RICE 























TOTAL DRY WEIGHT OF 25 
PERCENTAGE SEEDLINGS SHOOT /ROOT RATIO 
OXYGEN Px 

WHEAT RIcEe WHEAT RICE 

% mg. mg. 
0.2 88.1 34.4 2.91 5.61 
1.2 125.0 47.2 3.51 3.97 
5.2 159.1 59.3 3.07 3.42 
10.2 198.6 81.5 3.70 1.73 
20.8 210.0 83.7 3.06 1.51 
50.1 226.3 100.9 3.12 1.43 














* Experiment IT. 


Data on the amounts of growth and shoot/root ratios on the basis of dry 
weight are shown in tables I, IJ, and III, respectively, for the aforemen- 
tioned three experiments. 

It is seen that the growth of both shoots and roots of rice seedlings, as 
well as those of wheat, in general increases with an increase of oxygen con- 
centration up to 50.1 per cent. oxygen, the highest employed in the experi- 
ment. Particularly remarkable is the fact that the increase of oxygen 
concentration results in a higher increase of root growth of illuminated rice 
seedlings than that of either unilluminated rice seedlings or illuminated 
wheat seedlings, as shown by the difference in the shoot/root ratios. 

The results pertaining to the growth of the rice seedlings in relation to 
the oxygen concentrations in darkness generally agree with those of TayLor 
(38). The suppressive effect of oxygen on the growth of rice shoots such 
as shown in one of the experiments of VLAMiIs and Davis (40) is not here 
observed. The latter investigators, however, based their observations on 
measurements of the fresh weight. Possibly there is a difference in the 


TABLE III* 


EFFECT OF VARIOUS OXYGEN CONCENTRATIONS ON THE GROWTH OF RICE SEEDLING UNDER 
CONTINUOUS ILLUMINATION AND DARKNESS, DURATION 108 HOURS 




















TOTAL DRY WEIGHTS OF 25 ‘ 
PERCENTAGE SEEDLINGS SHOOT /ROOT RATIO 
OXYGEN po dt - 
LIGHT DARKNESS LIGHT DARKNESS 

% mg. mg. 

0.2 67.3 52.2 2.89 2.95 

1.2 62.3 91.7 2.80 2.73 

5.2 85.9 113.9 2.33 2.06 
10.2 112.1 100.7 1.65 2.23 
20.8 122.2 127.6 1.80 2.02 
50.1 142.6 135.0 1.91 2.30 

















* Experiment ITI. 
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percentages of dry matter of the rice seedlings grown under different oxygen 
tensions. 

SOLUTION CULTURE OF SEEDLINGS DETACHED FROM THE SEEDS.—<As will be 
discussed later, numerous investigators have observed peculiarities of the 
rice plant in its response to plant nutrients. Fertilization has always been 
one of the most difficult problems in rice culture. However, it has long been 
the experience of farmers and investigators that heavy application of 
organic matter is generally desirable (36). Ammonium sulphate is the only 
commercial fertilizer regularly used in some regions. Chlorosis due to iron 
deficiency commonly occurs on rice plants grown on dry land. It is highly 


- suggestive that these facts might be related to the adaptation of the rice 


plant to a semi-aquatic habitat. 
An attempt was made, by means of solution culture method, to find out 
if there were any inter-relationships among aeration, nitrogen nutrition, 

















TABLE IV 
COMPOSITION OF THE SOLUTIONS USED IN THE SOLUTION CULTURE EXPERIMENT 
CONCENTRATION IN SOLUTION* 
INGREDIENTS a —_—___* See Gan Rema Pe, 

PT a B c | D E| F G H 
Ca(NO,). m.mol 7.5 7.5 | 7.5 7.5 a £e 
(NH,) SO, " 7.5 7.5 7.5 7.5 
FeSO, - 7H,O p-p-m. 5.0 5.0 5.0 5.0 
Fe,(C,H,0,); o 5.0 5.0 5.0 5.0 
CaSO, m.mol 1.0 1.0 1.0 1.0 
KH,Po, ~ 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
MgSO, a 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
HSCH,COONa | _p.p.m. 50.0 | 50.0 | 50.0 | 50.0 





























* Micro-elements added to all the solutions as HOAGLAND’s supplementary A—Z solu- 
tion. 


iron nutrition, and the presence of a reducing substance, as measured by the 
growth response of the rice plant. 

The rice seeds were sown on April 17, 1945, on quartz sand in a tumbler 
with the water level kept just at the surface. The tumbler was placed in 
an incubator for three days at 28° C. and then moved to a greenhouse. On 
May 4, the aerial part of the seedlings had attained a height of 10-12 em. 
They were detached from the seed, rinsed with distilled water, and trans- 
ferred to the previously prepared culture vessels. 

Brown glass chemical bottles of 500-ml. capacity were used for culture 
vessels. The method of maintaining aeration and continuous flow of ecul- 
ture solutions was essentially that of GmBert and Suive (12). Five-holed 
cork stoppers infiltrated with paraffin were used instead of rubber stoppers. 
The plant was inserted through a glass tube which passed through the cen- 
tral hole to the solution to produce a water seal. Two of the side holes were 
used for the inlet and the outlet of the solution and the other two for 
passage of gas. When the continuous flow of the solution was omitted, the 
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TABLE V 
FACTORS INCLUDED IN THE SOLUTION CULTURE EXPERIMENT 
SUPPLE- CONDITION 
CULTURE | SOLN. eae “ a MENT OF | OF 
SERIES NUM- SODIUM NUTRIENT 
NUMBER BER peta oll THIOGLY- SOLUTION 
COLLATE SUPPLY 
1 A | Ca(NO,). | Fe.(C,H,O,); _ Stagnant 
| FeSO, 
2 B 66 se ‘6 
3 A - FeSO, - ? 
4 | B se Fe.(C,H,0,)s . oa 
$454k ne FeSO, - ss 
6 | A — We - Continuous 
flow 
7 B 66 Fe,(C,H,0,); ~ Continuous 
flow 
8 A sa FeSO, - Continuous 
flow 
9 B id Fe, (C,H,0,); - Continuous 
. flow 
10 A ‘6 FeSO, ~ Continuous 
flow 
11 E ee a + Stagnant 
12 F $8 Fe,(C,H,0,); + 
13 E sé FeSO, 7 ag 
14 F se Fe,(C,H,O,); + ¥ 
15 Cc (NH,).SO, | FeSO, - é 
16 D ‘6 Fe,(C,H,O,); - 6é 
17 Cc as FeSO, ~ lg 
18 | D “ Fe,(C,H,O,)s so ie 
is } « Feso, * ‘6 
20 Cc “e 7 - Continuous 
flow 
21 | D $6 Fe,(C,H,O,); ~ Continuous 
flow 
22 Cc 46 FeSO, - Continuous 
flow 
23 | D 66 Fe, (C,H,O,); ~ Continuous 
flow 
24 Cc “s FeSO, - Continuous 
flow 
25 G se ” + Stagnant 
26 H eé Fe,(C,H,0,); + ee 
°7 G sé A ‘ec 
FeSO, 
28 H $$ Fe,(C,H,O,), ~ *s 
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two empty holes were sealed with paraffin. When the bubbling of gas was 
omitted, the two empty holes were plugged with a loose weft of cotton. 
When both the continuous flow of the solution and bubbling of the gas were 
omitted, all the four empty holes were plugged with cotton. 

The rate of the bubbling of air or nitrogen was adjusted to about 10 ml. 
per minute; the air was from a compressed air line, and the nitrogen from 











TABLE VI 
SUMMARY OF RESULTS OF SOLUTION CULTURE EXPERIMENT 
Top /RooT Top/RooT 
CULTURE TOTAL ToTAL 
SERIES GREEN ge hg DRY ee" ys SYMPTOMS = 
NUMBER | WEIGHT uauen WEIGHT oan 
mg. mg. 

1 780 2.2 170 3.8 Chlorosis 5.7 
2 584 2.0 117 3.6 af 5.7 
3 901 1.8 157 3.5 ee 5.8 
4 871 1.8 149 3.2 sh 5.8 
5 977 2.1 184 3.6 a 5.7 
6 978 1.6 156 3.0 None 5.1 
7 842 1.6 134 3.1 ee 5.5 
8 1207 1.5 194 2.9 se 4.8 
9 1156 1.5 187 2.9 we 5.3 
10 1622 1.6 256 2.9 “4 5.0 
11 1577 1.2 277 2.3 “6 6.2 
12 1695 1.2 301 2.0 ee 6.1 
13 1436 1.3 237 2.3 ee 6.2 
14 1864 1.2 324 2.0 ae 6.1 
15 717 2.8 156 6.6 Tip-burn 3.7 
16 1093 2.6 220 5.3 “ 3.4 
17 1189 2.8 232 6.0 “s 3.3 
18 1228 2.1 238 6.7 a 3.3 
19 1330 2.9 236 5.8 6é 3.3 
20 859 3.7 154 4.8 Slight tip-burn | 4.1 
21 1230 2.0 201 3.8 aia wis 4.3 
22 1332 2.6 237 5.0 ¢ «§ 3.9 
23 1022 4.4 207 7.6 €s ee 3.8 
24 581 2.8 109 4.7 ” aye 4.1 
25 1644 2.4 315 4.3 None 3.8 
26 1282 1.8 223 3.9 has 4.2 

27 1496 3.7 260 ta Very slight 
tip-burn 3.8 
28 1309 2.9 258 5.1 None 4.0 


























a commercial tank. The flow of solution was adjusted to a rate of about 
one liter per day from a reservoir of 6-liter capacity under the pressure of 
nitrogen. 

The eight nutrient solutions employed, differing in the sources of nitro- 
gen and iron and presence or absence of sodium thioglycollate, had the com- 
positions shown in table IV. 

Twenty-eight sets of duplicate cultures involving five varying factors 
as shown in table V were carried out. The greenhouse temperature ranged 
from 25° to 32° C. during the experimental period. 

Observations of the appearance of the plants were made from time to 
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time. On May 25, the end of a three-week experimental period, both fresh 
and dry weight of the root and top of each plant were determined sepa- 
rately. The determinations of the fresh weights of the roots were made 
immediately after blotting off the surface water with a piece of filter paper. 
Here the experimental error is inevitably large. A summary of the results 
is shown in table VI. 

The outstanding results were as follows: 

1. Plants supplied with nitrate nitrogen in stagnant solution developed 
severe chlorosis. This chlorosis was discernible as early as one week after 
the plants were placed in the solution. It always occurred on the newly 
formed upper leaves. The lower leaves remained green throughout the 
experimental period. The development of brown necrotic streaks which 
usually appeared near the margin of the chlorotic leaves was also noticed. 

2. Plants supplied with ammonium nitrogen in stagnant solution devel- 
oped severe tip-burn of the lower leaves. This symptom occurred rather 
suddenly in the third week of the experiment. The upper third to half 
of the lower leaves rolled up under high noon temperatures and dried rap- 
idly. About two days later, this dried part turned straw-colored. 

3. Chlorosis does not develop if the plants are continually supplied with 
a fresh nitrate-containing solution. Continuous flow of solution, however, 
does not completely remedy the tip-burn symptom of the ammonium-sup- 
plied plants. 

4. When sodium thioglycollate is present in either the nitrate-containing 
or the ammonium-containing stagnant solution, the plants develop neither 
chlorosis nor tip-burn. 

5. In the absence of sodium thioglycollate, the total amount of growth 
was in general higher with the ammonium nitrogen than with nitrate nitro- 
gen. In the presence of sodium thioglycollate, the total amount of growth 
was about the same with either source of nitrogen. The increase of growth 
due to sodium thioglycollate was about 20 per cent. in the ammonium series 
while it was almost 100 per cent. in the nitrate series. 

6. Nitrate nitrogen was more favorable for root development than am- 
monium nitrogen, inasmuch as the top-root ratio in the ammonium series 
was generally about twice as high as in the nitrate series. 

7. No marked differences in growth were found between ferrous sulphate 
and ferric tartrate as the source of iron, nor between various amounts of 
oxygen supply. 

The above generalizations are made on the assumption that the difference 
in the total osmotic concentration, caleium concentration, and sulphate con- 
centration under the experimental conditions did not affect the results. 
Reservations should be made, however, that such an assumption might not 
be totally correct. 


Discussion 
OXYGEN RELATIONS 


It has long been known that rice seeds can germinate in water containing 
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very little or no oxygen (29, 37, 44). The possibility of the utilization of 
fermentation energy by the germinating rice embryo was intimated by 
TAKAHASHI (37) as early as 1905. Recently, Taytor (36) measured O, 
intake and CO, output of the germinating embryo of rice and wheat under 
various oxygen concentrations using a BARCROorT-WARBURG manometer. He 
demonstrated that with 20.8 per cent. oxygen the CO,/O, ratio was entirely 
characteristic of respiration both in rice and in wheat, but as the oxygen 
concentration dropped below 5 per cent., the fermentation activity in rice 
was 2 to 7 times as great as in wheat. Growth of the rice embryo under low 
oxygen concentration was thus correlated with the liberation of fermenta- 
tion energy. 

In closed chamber experiments with germinating seeds, all the previous 
investigations (29, 38, 40, 44) have observed that at least the root growth 
increases very consistently with an increase of the oxygen concentration 
up to 20.8 per cent. oxygen. It is here further shown that this is true up 
to 50.1 per cent. oxygen, even under continuous illumination. However, 
aeration does not seem to affect the increase of weight of the rice plant 
grown in a variety of nutrient solutions with the top of the plant exposed 
to the open air. On this point, the data of VuAMis and Davis (41) and 
those of the writer agree fairly well. Inasmuch as neither bubbling air nor 
nitrogen through the solution gives a measurable difference of growth, it 
ean be inferred that the rice plant is indifferent to the concentration of 
oxygen in the environment of the roots. 

The rice plant appears, however, to be as susceptible to CO, as any other 
plant. This was first discovered by VLAMiIs and Davis (41) and promptly 
confirmed by CHana and Loomis (5). <A root rot disease of rice, called 
‘“‘mentek’’ in Java and ‘‘brusone’”’ in Italy, has hitherto been ascribed to 
oxygen deficiency. CoPELAND (7), after citing VAN per Exst’s experiment 
(9), stated : ‘‘The demonstration that want of oxygen can cause root rot is 
conclusive.’’ The original experiments of VAN per ELst, however, as well 
as that of Brizr (4) were carried out under conditions which prevented the 
entry of oxygen and at the same time favored the accumulation of CO,. In 
the light of the work of VLAMIs and Davis and that of CHAng and Loomis, 
it is more likely that the rice plant suffers from too much CO, than from too 
little oxygen. 

In 1940, Raaure (32), by direct analysis of the gas obtained from the 
air spaces in the rice roots, has demonstrated very convincingly that the root 
depends entirely on the top for its oxygen supply. He found that there is 
a gradient of oxygen concentration in the root from 9-14 per cent. in the 
basal portion to 2.1-8.1 per cent. in the tip portion. Furthermore, he 
showed that the oxygen concentration in the roots is not lowered by grow- 
ing the plant in OmELIANSKY’s cellulose fermentation medium nor by 
bubbling commercial nitrogen through a nutrient solution. Strangely 
enough, according to RAALTE’s results, photosynthesis does not cause an 
inerease of the oxygen concentration in the roots. The writer’s data also 
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indicate that illumination does not materially increase the amount of growth 
nor significantly alter the shoot/root ratio of the rice seedlings under low 
oxygen concentration. 

MINERAL NUTRITION 


GerIcKE (11) in 1930 was able to grow eight-week-old, complete-nutrient- 
solution-grown rice seedlings to maturity without any further supplement 
of magnesium, sulphur, phosphorus, and calcium. Of the remaining three 
macro-elements, the requirement of nitrogen and iron seemed most striking. 
GERICKE used nitrate as the source of nitrogen, and he found it necessary 
to add iron as tartrate every three days in order to maintain normal growth. 
Incidentally, the literature on the mineral nutrition of rice is restricted 
largely to iron and nitrogen nutrition. 

Comparative studies of nitrate and ammonium as the source of nitrogen 
for the rice plant began with the work of KELLNEr in 1884 (26). KELLNER 
observed in his solution cultures that during the first three weeks the nitrate- 
supplied plants appeared sickly and the ammonium-supplied plants made 
almost twice as much growth as the nitrate-supplied plants on the basis of 
the height of the plants. Following this period, he found that the situation 
was reversed so that by the end of the 138-day experimental period the 
nitrate plants yielded more than the ammonium-supplied plants. His re- 
sults also showed that the best growth throughout the experimental period 
was obtained by supplying both nitrate and ammonium nitrogen. 

In soil cultures, application of nitrate usually fails to bring about a 
significant increase of yield (8, 22, 25, 30, 39, 43) and is likely to induce 
chlorosis (8, 25, 28, 43). Application of ammonium nitrogen, however, 
almost always results in good growth. The notion has become widespread 
that ammonium nitrogen is indispensable for the growth of rice. 

Explanations of the undesirable effect of nitrate nitrogen have been 
attempted by several investigators; Nagaoka (30) suggested the possibility 
of transformation of nitrates into asparagin in the nitrate-suppiied plants. 
Analyses carried out by DarkuHnARA and IMASEKI (8), however, showed that 
there was no significant difference in the sugar content between the plants 
of both upland and lowland varieties fertilized with ammonium sulphate 
and those fertilized with sodium nitrate. The latter investigators attributed 
the ineffectiveness of nitrate as a fertilizer to the loss of nitrate nitrogen in 
paddy soil by leaching, denitrification, and the toxic effect of nitrite result- 
ing from denitrification. Although DarkuHAra and IMASEKI found that the 
water-logged soil in their laboratory flask test contained 33-70 p.p.m. nitrite 
at its peak, KetLy (25) showed that in no instance did nitrite accumulate 
to an extent greater than 2 p.p.m. of the irrigating water. BArRTHOLOMEW 
(1), from the results showing very spasmodic production of nitrite due to 
denitrification in his experiments, denied the contention that the production 
of nitrites from nitrates was the cause for the failure of nitrates to produce 
good yields of rice. KELLy also indicated that the yields of rice from the 
single application of nitrate were greater two times out of three than the 
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yields from the repeated applications, an observation which ruled out in 
large part the operation of leaching as a factor in nitrate inefficiency. 
KE LLy finally thought it possible that rice, which has been grown for cen- 
turies under conditions that largely exclude the formation of nitrates, had 
in a large measure lost the nitrate-reducing enzymes which were necessary 
in the process of nitrogen metabolism with nitrate as the raw material. 
That the rice plant can grow to maturity in solution culture with nitrate 
nitrogen under the conditions of such experiments as carried out by GrRICKE 
(11) and Kapp (24) again rendered KEeLLy’s postulate untenable. 

The first attempt to relate the iron-deficiency symptom, chlorosis, to 
nitrate fertilizer and soil alkalinity was made by Wiis and Carrero (43). 
In the soils they used, the application of ammonium sulphate or calcium 
nitrate failed to bring about any marked change in the soil pH after the 
plant growth. Yet the plants developed chlorosis where nitrate was applied. 
They were inclined to the view that possibly the production of the basic 
residues, other than that affecting pH or the absorption of nitrates, pro- 
duced in the soil a condition that presented the absorption of iron, or in the 
plant a condition which prevented the utilization of iron for the development 
of chlorophyll. 

Chlorosis of upland rice in calcareous soil was studied by Gite and his 
co-workers in a series of experiments (13, 18). They have produced a body 
of evidence indicating iron deficiency as the cause. The fact that spraying 
with soluble iron compounds only results in localized greening on the leaves 
and that the lower leaves usually contain a higher amount of iron than the 
upper leaves led them to the belief that the iron is immobilized in the plant. 

On the other hand, emphasis has been placed on the apparent iron injury 
by Strurais (36) who attributed root discoloration to the inerustation of 
iron. A significant observation made by Stureis was that the application 
of organic matter which induced a very reducing condition in the soil pre- 
vented root discoloration. 

Judging from the symptoms, there is little doubt that the chlorosis of 
the plant growing in stagnant nitrate-containing solution is due to iron defi- 
ciency. Just how the nitrate interferes with the absorption or assimilation 
of iron is not definitely known at present. It is interesting to point out that 
the reducing substance, sodium thioglycollate, prevents chlorosis despite the 
fact that it raises the pH to a higher level. 

The tip-burn symptom developed on the plants supplied with ammonium 
sulphate as the sole source of nitrogen has also been previously observed by 
KELLNER (26) and fully deseribed by Esprno (10). This could be due to 
the high top-root ratio resulting from the inhibition of root growth by low 
pH. On this basis, the prevention of tip-burn by sodium thioglycollate and 
the disappearance of the symptom under field conditions could be easily 
explained. However, the writer’s results do not indicate a perfect corre- 
lation between tip-burn, high top/root ratio, and low pH, particularly in 
case of continuous flow of the nutrient solution. Furthermore, he is not at 
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all sure that the high top/root ratio observed is the direct cause of tip-burn, 
as SETHI’s extensive measurements (34) have shown that a top/root ratio 
as high as 10 on a dry-weight basis is not uncommon among vigorous field- 
grown plants. 

POSSIBLE ROLES OF SODIUM THIOGLYCOLLATE 


Sodium thioglycollate, or mereaptoacetate, possesses several properties 
of biological interest. It forms a soluble red-purple product with iron in 
a very alkaline medium, a reaction which has been utilized in the colori- 
metric determination of traces of iron (33). As a rather stable effective 
reducing agent, sodium thioglycollate is widely used to maintain a low 
oxidation-reduction potential in a medium for the cultivation of anaerobic 
bacteria (2). Its sulfhydral component has been shown by Hammerr (19) 
to be an active ‘‘proliferation stimulus’’ (20) which promotes cell division 
in root tips. Sodium thioglycollate is also known to be an effective antidote 
for mercurial disinfectants (21, 31). Whether any of these known prop- 
erties is involved in the prevention of chlorosis of the rice plant in a stag- 
nant nitrate-containing solution and of tip-burn in an ammonium-contain- 
ing solution is not immediately clear. 


POSSIBILITY OF UPLAND CULTIVATION OF PADDY RICE 


It is premature to predict the applicability of the findings reported in this 
paper to the dry land cultivation of paddy rice. It is shown, however, that 
a high oxygen concentration is beneficial to the germinating embryo and 
good aeration is not harmful to the growing plant; chlorosis induced by the 
application of nitrates can be remedied; and nitrate, itself, is a suitable 
source of nitrogen for the rice plant. Thus there is a good possibility that 
through the application of a substance playing the same role as does sodium 
thioglycollate, rice may give as high yields on dry as on submerged land, 
provided enough water is available for its direct consumption. 


Summary 


Closed-chamber experiments with rice seedlings attached to the seeds 
yield results which show that the dry weight of the young plants, particu- 
larly that of the roots, is increased by an increase of oxygen concentration 
up to as high as 50.1 per cent. oxygen both in darkness and in continuous 
illumination. Results of the solution culture experiment with the seedlings 
detached from the seeds indicate that the growth of the plants is unaffected 
by oxygen concentrations ranging from 0.2 to 20.8 per cent. oxygen preva- 
lent in the environment of the root system in a wide variety of nutrient 
solutions. 

In stagnant, nitrate-containing cultures, the rice plant within one week 
develops chlorosis of the central leaves; a symptom typical of iron deficiency. 
Tip-burn of lower leaves suddenly appears after two weeks in an am- 
monium-containing solution. Both of these symptoms are avoided by the 
addition of sodium thioglycollate at a concentration of 250 p.p.m. to the 
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respective solutions. Nitrate-supplied plants give much better root growth 
than the ammonium-supplied plants. 


A possibility of upland cultivation of paddy rice is indicated. 
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FACTORS INFLUENCING THE VOLATILE OIL CONTENT OF THE 
PEEL OF IMMATURE AND MATURE ORANGES! 


E. T. BARTHOLOMEW AND WALTON B. SINCLAIR 
‘ (WITH FIVE FIGURES) 


Introduction 


A study was made recently in this laboratory on some possible causes of 
breakdown in the peel of Washington Navel oranges. One approach to this 
problem was the determination and evaluation of the relative quantities of 
volatile oil in the peel of affected and unaffected fruits (2). It was found 
early in this investigation that more information was needed than had been 
published on the factors influencing the oil content of orange peel. Experi- 
ments were planned, therefore, to determine the effect of age and size of fruit, 
and the effect of environment, on the relative amounts of oil in the peel of 
healthy Valencia and Washington Navel oranges. 

The results of these studies are reported in the present paper. They are — 
considered to be important not only because of their bearing on the com- 
mercial production of citrus oils, but also because of the relation of the oil 
to certain discolorations and pittings of the peel when the oil is liberated 
from the glands by excessive turgidity or by fungus, insect, or mechanical 
wounds. 

Hoop (7), in Florida in 1916, and Witson and Youne (13), in California 
in 1917, appear to have been the first and only ones in the United States to 
have made quantitative studies on the volatile oil in the peel of citrus fruits, 
except possibly on a commercial basis. Comparatively recently, determina- 
tions of the volatile oil in citrus peel have been made in other countries by 
pe Viuuiers (5), TaNcHico and West (11), BRAverMAN and MonseLise (4), 
Samiscu (9), and FeuiG (6). The sizes of the samples and the methods 
used in the last three studies appear to warrant conclusions only as to gen- 
_ eral trends. 

Materials and methods 


To determine the effect of size and age of fruit on the oil content of the 
peel, Washington Navel and Valencia oranges were taken at approximately 
monthly intervals from plots of 50 trees each, selected for this study. The 
test period extended from August 22, 1944, to March 13, 1945, for Navels, 
and from August 30, 1944, to May 29, 1945, for Valencias. For each sample, 
4 medium-sized fruits were picked at intervals around the circumference of 
each of the 50 trees in a plot, and the 200 fruits were divided at random into 
duplicate lots of 100 fruits. The influence of maturity on the yield of oil 
was further studied by determining the oil content of the peel of Valencias 
that were several months past their initial stage of commercial maturity (the 
stage at which the ratio of soluble solids to acids is 8:1). 

1 Paper no. 538, University of California Citrus Experiment Station, Riverside, 
California. 
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The effect of environment on the oil content of the peel of citrus fruits 
was determined by obtaining, from packing houses in various districts of 
southern California, mature Navels and Valencias from different groves. 
The Navels were obtained during March and April, the Valencias during 
July and August. Each sample consisted of 50 fruits taken at random 
from 10 or more field boxes on the receiving floor of the packing house. 
The Navels in the districts from which the test fruits were chosen reach com- 
mercial maturity from late December to the middle of January, the Valen- 
cias from early April to early May. 

Different investigators have obtained the oil from citrus peel by various 
methods: namely, by cutting the whole fruit, the peel, or only the outer 
portion of the peel into pieces and then grinding and distilling; by pune- 
turing the surface of the peel and taking up the oil in a solvent; or by 
simple hand or mechanical pressure. There are several objections to quan- 
titative determination of the oil content of citrus peel by these methods: 
(a) when the whole fruit is used, under the usual laboratory conditions, the 
number of fruits tested is likely to be too small to give a representative yield 
of oil; (b) when the peel is stripped from the fruit, and especially when only 
the outer surface of the peel is cut off in thin strips, there is necessarily con- 
siderable loss of oil; (¢) when a solvent is used it is very difficult to exclude 
the water in order to make an accurate quantitative reading; and (d) it is 
readily realized, of course, that quantitative determinations cannot be made 
by the pressure method of removing the oil from the peel. 

These difficulties were avoided in the following manner. Holes about 14 
inches in diameter were punched in corrugated cardboard attached to a 
wooden frame. The fruits were placed over these holes in the desired posi- 
tion—stem end up, stylar end up, or horizontally. A limited area on the 
upper portion of each fruit was then coated with dilute shellae and quickly 
dried with a fan. Either one or two disks (one from each fruit of the 100- 
fruit samples and two from each fruit of the 50-fruit samples) were cut in 
the shellacked area with a cork borer having an inside diameter of 15.7 mm. 
A sharp knife was next used to cut under the disks tangentially to the sur- 
face of the fruit. In this manner the disks of peel were removed with a 
minimum loss of oil. 

The distribution of the oil in the peel was determined quantitatively by 
taking disks of peel from the stem and stylar (proximal and distal) ends or 
from the equatorial regions of the fruits. Unless otherwise stated, the disks 
were from the equatorial regions. 

If the fruits were green, they were allowed to remain in the laboratory 
overnight or longer to lose some of their turgidity before removal of the 
disks. The 100 disks used for each determination, with about 300 ml. of 
distilled water, were placed in a Waring Blendor and ground very fine. 
The grinding time for disks from green fruits was 8 to 10 minutes and for 
disks from mature fruits, 5 to 6 minutes. After grinding, the material was 
transferred to a 2-liter flask which was then connected to the apparatus 
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designed by BARTHOLOMEW and Srncuair (3) for the distillation and deter- 
mination of citrus oils. With disks of moderate size, the sample of peel 
from 50 or 100 fruits is representative without being too bulky to grind and 
distill. 

The surface areas of the fruits were determined by measuring their major 
and minor axes and then using tables (compiled by the authors but unpub- 
lished’) for computing the surface areas of prolate and oblate spheroids 
from such measurements. The area per disk and the weight of each lot of 
fruit were determined also. With these data and the use of a specific 
gravity factor of 0.8440 in all weight computations (8), it was a matter of 
simple caleulation to determine the yield of oil per given unit of surface 
area, the mean yield per fruit, and the yield per ton of fruit. All values 
reported are based on yield per unit of surface area because the oil glands 
are all located in the surface layers of the peel, the flavedo. Tests showed 
that no oil could be obtained from the white portion of the peel, the albedo. 

The temperature of the oil at each reading was recorded, but since the 
differences were small, corrections were not made on the values presented. 
Chemical and physical constants of the oil were not determined. Poors (8) 
has already determined these characteristics for California lemon and orange 
oils. 

Results 


CHANGES IN THE VOLATILE OIL CONTENT OF VALENCIA ORANGE PEEL DURING 
FRUIT DEVELOPMENT AND AFTER MATURITY 


This study involved the quantitative determination of the volatile oil in 
the peel of Valencia oranges picked at approximately monthly intervals from 
the time they were very green (August 30, 1944) until about two months 
after they had reached commercial maturity (May 29, 1945). During this 
period the mean surface area per fruit increased from 53.8 em.? to 122.7 em.” 
(table 1). It is of interest to note further that, regardless of the change in 
maturity and the increase in size of the fruits, there was little change in 
mean yield of oil per unit area of peel. On the other hand, the yield of oil 
per fruit, on the basis of mean surface area, increased from 0.42 ml. to 1.09 
ml. These results show that the yield of oil in the peel, as has been reported 
by pe VitutiErs (5), is correlated with the surface area of the fruit. 

Since the oil is contained in the glands of the peel, it is important to know 
the relation between the oil-gland density and the yield of oil. TurRRELL 
and Kuiorz (12) have shown that the mean density of oil glands per square 
millimeter of peel of navel orange fruits is 2.49 for small fruits, 2.33 for 
medium-sized fruits, and 2.17 for large fruits. (The mean equatorial 
diameters of the fruits tested were as follows: small, 6.17 em.; medium, 7.13 
em.; and large, 8.09 em.). «The small fruits thus had 14.8 per cent. more oil 
glands per unit area than the large fruits. On this basis, it is evident from 


2 Dr. F. M. TURRELL of this laboratory is publishing, in book form, a much more 
complete set of tables on surfaces and volumes of spheres and of prolate and oblate 
spheroids (University of California Press). 
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TABLE I 


CHANGES IN THE VOLATILE OIL CONTENT OF VALENCIA ORANGE PEEL DURING 


GROWTH OF FRUIT 








MEAN YIELD OF OIL IN PEEL 



































Dare MEAN MOISTURE IN PEEL 

Sam- FRUIT mgs (FRESH-WEIGHT BASIS) PER 100 cm2 
PLE PICKED, PER eau] 8S - > PER 
1944-45 TE TYLAR STEM | STYLAR FRUIT 

FRUIT END exp | MFAN| ‘Exp zxp | MEAN 
| em? % % % ml, | ml, ml, ml. 
1 | Aug. 30 53.8 Not determined 0.76 | 0.82 0.79 | 0.42 
2 | Oct. 5 | 749 | 745 | 724 | 73.5 | 0.76 | 0.82 | 0.79 | 0.59 
3 Nov. 16 | 95.2 | 76.3 73.8 75.1 | 0.75 | 0.83 0.79 0.75 
+ Dee. 14 | 103.2 | 74.3 715 | 72.9 | 0.70 0.76 0.73 0.76 
5 Jan. 15 115.6 74.9 71.4 | 73.2 0.70 | 0.79 0.75 0.86 
6 Feb. 12 | 116.6 75.0 69.4 72.2 0.73 | 0.86 0.80 0.93 
7 Mar. 19 | 117.7 75.6 70.4 73.0 0.74 | 0.81 0.78 0.91 
8* | May 29 | 122.7 | 76.6 | 69.0 | 72.8 | 0.83 | 0.94 | 0.89 | 1.09 
| - 

















* Sample 8 was fully mature fruit having a ratio of soluble solids to acids greatly 
exceeding 8:1, the minimum requirement for fruit marketed in California. 


The small 


surface area is indicative of the small size of the fruit of the 1945 erop. 


the data in table I that the glands in the peel of the large Valencia fruits 
must have increased in size, or at least contained a greater quantity of oil 


size. 


Fig, 1. 


1.9 





1.7 ig 








uw 
| 








w 








—————— YT y +4 ——_— —_—_-4+— 














2 
o 
3 
+ 
| @ 
7 
| 
| 


e 
~ 





VOLATILE OlL— ML. PER FRUIT 
| 


° 
wn 
\ 





a | 
Q3 - 


5o 70 © 10 ©6130 @«6©150.—s«*170 
AREA—CM¢ PER FRUIT 


Volatile oil content of the peel of Valencia oranges, in relation to fruit 























BARTHOLOMEW AND SINCLAIR: OIL IN ORANGE PEEL 323 


per gland than those in the small fruits. This is shown by the fact that the 
mean increase in yield of oil per fruit, between August 30, 1944, and May 
29, 1945, was 388 per cent., whereas the mean increase in surface area per 
fruit during this period was only 280 per cent. 

Figure 1, as well as table I, shows that up to the time the Valencia fruit 
is mature and nearly full size, the yield of oil is directly correlated with the 
surface area of the fruit. Figure 1-shows, also, that after the fruit has 
reached this stage of development, the oil content of the peel is governed 
more by climatic or physiological conditions than by fruit size. This is 
shown by the sharp rise in the curve and by the scattering of the points 
after the fruits had attained a surface area of about 120 em.? After the 
fruits had reached this size, the yields from some lots were almost twice as 
much as those from other lots, and yet there was very little change in fruit 
size. The point at which the curve will turn upward apparently depends 
on the size of the mature fruits, and varies from year to year. The season 
of 1944-45 happened to be one of small sizes. 


TABLE II 


VOLATILE OIL IN THE PEEL OF MATURE VALENCIA ORANGE FRUITS FROM DIFFERENT 
DISTRICTS IN SOUTHERN CALIFORNIA 






































MEAN 
NUMBER OF DATE FRUIT DIAMETER MEAN YIELD OF OIL IN PEEL 
SAMPLES PICKED, OF FRUITS cd 
TESTED* 1945 OF EACH PER 100 cu.* | PER TON OF 
LOT FRUIT 
em, mil. Ib. 
INLAND DISTRICT 
1 July 11 6.2 1.29 20.2 
2 July 13 6.3 1.29 20.7 
2 July 17 5.9 0.97 16.2 
4 July 6.2 1.06 16.9 
7 July 23 6.1 1.10 17.8 
Mean . 1.14 18.4 
Av. dev. + 0.12 + 1.68 
INTERMEDIATE DISTRICT 
7 July 25 6.0 0.89 15.2 
6 Aug. 3 6.0 0.89 14.7 
+ Aug. 7 6.2 0.82 13.6 
4 Aug. 10 5.9 0.89 14.9 
Mean WAS 0.87 14.6 
Av. dev. + 0.03 + 0.50 
COASTAL DISTRICT 
10 Aug. 11 6.2 0.82 14.1 
5 Aug. 21 6.1 0.73 12.3 
5 Aug. 23 6.2 0.91 14.8 
5 Aug. 28 6.1 0.76 12.9 
+ Aug. 30 6.1 0.73 12. 
nei ae aries 2 0.79 13.3 
Av. dey. + 0.06 + 0.92 


* Each sample came from 








a different grove—a total of 66 groves. 
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EFFECT OF ENVIRONMENT ON THE VOLATILE OIL CONTENT OF THE PEEL 
OF MATURE VALENCIA AND NAVEL ORANGES 


In order to determine whether there are differences in the oil content 
of the peel of oranges grown in different districts, sample lots of Valencias 
and Navels were obtained as previously described (see ‘‘ Materials and meth- 
ods’’), and the oil content was determined. 

The results of the study on Valencias are shown in table II. The fruits 
were 4 to 5 months past the initial stage of commercial maturity, and all had 
approximately the same mean equatorial diameter. The most striking fea- 
ture of the data (table II) is that the oil content of the peel was highest in 
inland fruits and progressively lower in those grown nearer the coast. 
The mean oil content of the peel of the inland fruits, on a tonnage basis, 
was 38.3 per cent. greater than that of the coastal fruits. 

A similar study was made on Navel oranges in inland and intermediate 
districts only (fig. 2). The average yield of oil per fruit is plotted against 
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Fig. 2. Changes in the volatile oil content of the peel of Navel oranges from two 
different districts in southern California with increase in fruit size. 


the average area per fruit in each of the two districts. The yields of oil 
from the fruits in the inland district were greater than those from the fruits 
in the intermediate district. Since there is no sharp upward trend in the 
curves in figure 2, it would appear that there is not the noticeable increase 
in oil in Navels that there is in Valencias (fig. 1) after they have reached 
maximum size. This may be due to the fact that Navels mature and are 
picked during the winter months when food manufacture is at a minimum. 

The results portrayed in figure 2 show also that, in general, a straight- 
line relation existed between the increase in yield of oil per fruit and the 
average area per fruit. There was no tendency for the yield of oil to de- 
crease, although the last values were determined after the fruits were 3 to 4 
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AREA—CMé PER FRUIT 
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Fic. 3. Changes in mean surface area per fruit (Navel oranges) as the season 
advanced. 


months past their initial stage of commercial maturity. At the time the 
final sample was taken the fruits had reached their maximum size (fig. 3). 
The values on the curve represent fruits from both the inland and the inter- 
mediate districts. For any given month the fruits from both districts were 
approximately the same size. 

The size of the fruit in a sample, taken from either the inland or inter- 
mediate districts, apparently did not affect the amount of oil obtained per 
100 em.” of peel (fig. 4). Throughout the experimental period for both 
districts (September to February, inclusive), fruits from the inland district 
contained nearly twice as much oil per 100 em.’ of peel as those from the 
intermediate district. 

Further evidence that the amount of oil in the peel of Valencia oranges 
in the inland districts does not decrease after they have become mature is 
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Fig. 4. Volatile oil content of peel of Navel oranges of different ages, from two 
different districts in southern California. Within a given district, the oil content per 
100 em.? of fruit surface showed comparatively little change. Between the two districts, 
the differences are obvious. 
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TABLE Il 


VOLATILE OIL IN PEEL OF OVERMATURE VALENCIA ORANGES FROM THE INLAND 
DISTRICT OF SOUTHERN CALIFORNIA 

















DATE FRUIT MEAN SURFACE MEAN YIELD OF OIL IN PEEL 

PICKED, AREA PER 

1945 FRUIT Per 100 cm? | PER TON OF FRUIT 
em? ml, lb. 
July 23 126.9 1.17 18.7 
Sept. 4 141.8 1.20 18.3 
Oct. 9 133.1 1.18 18.5 
Nov. 6 131.3 1.21 19.3 
i 











shown by the data in table III. The first lot of fruit was tested about 4 
months and the last lot about 8 months after the fruit had become commer- 
cially mature. The values were approximately the same for the first three 
tests; the last test indicates a slight but probably insignificant increase in 
yield. These results agree with those of BravERMAN and MoNSELIsE (4), 
but do not agree with those of Hoop (7), Samiscn (9), and Fen (6), who 
found that the yield of oil began to decrease after the fruits had become 
mature. 


EFFECT OF FRUIT SIZE ON THE VOLATILE OIL CONTENT OF THE PEEL 
OF MATURE VALENCIA ORANGES 


The relative yields of oil from the peel of large and small mature Valencia 
oranges are shown in table IV. The samples of large and small fruits were 


TABLE IV 


RELATIVE AMOUNTS OF VOLATILE OIL IN THE PEEL OF LARGE AND SMALL, MATURE 
VALENCIA ORANGES FROM DIFFERENT DISTRICTS* 









































LARGE FRUITS SMALL FRUITS 
‘ MEAN MEAN YIELD OF OIL MEAN MEAN YIELD OF OIL 
SAMPLE SURFACE IN PEEL sunPace IN PEEL 
AREA PER | Per 100 | Perton | “BEAPER | per 100 | PER ToN 
FRUIT cM. OF FRUIT | FRUIT cM.? OF FRUIT 
em? ml, lb. em? ml, lb. 
1 151.8 1.19 17.6 102.0 1.15 19.8 
2 149.9 1.17 17.6 103.9 1.14 20.0 
3 143.9 0.92 14.3 97.7 0.93 17.3 
4 150.2 0.89 13.6 102.3 0.84 15.5 
5 148.0 0.77 12.1 104.6 ive 13.6 
6 148.4 | 0.97 14.6 96.0 0.90 16.0 
7 151.0 0.88 13.5 110.5 0.87 15.5 
s 173.8 1.10 15.8 105.4 1.00 17.0 
9 154.8 0.75 | 11.2 103.2 0.75 13.1 
10 156.8 0.69 10.3 104.8 0.65 11.5 
Mean cee 152.9 0.93 14.1 103.0 0.90 15.9 
+0.14 +19 +0.12 | 


Av. dev. ......... | 


| + 2.1 
I i } | 








* The mean equatorial diameter of the large fruits was 6.9 + 0.13 em. (approx. 24 in.), 
and of the small fruits, 5.7 +0.08 em. (approx. 24 in.). Oranges of these sizes in Cali- 
fornia are classed as 200’s and 324’s, respectively. 
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taken at random from the same boxes on the receiving floor of packing 
houses in different districts. The mean surface areas of the fruits in the 
different lots are shown in the table. 

The yield of oil per 100 em.’ of fruit surface was practically the same 
for large and small fruits. The yield of oil per ton of fruit, however, was 
noticeably larger for the small fruits than for the large ones. This was to 
be expected because, as already shown, the yield of oil is a function of the 
surface area of the fruit. That it is a function of the surface area is further 
demonstrated in figure 5, which shows the yields of oil in pounds per ton of 
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Fie. 5. Yield of oil, in pounds per ton of mature Valencia oranges, correlated with 
the yield in milliliters per 100 em.? of surface area. 


mature Valencias, computed from the yields of oil in milliliters per 100 em.? 
of surface area. 


VOLATILE OIL CONTENT OF THE PEEL OF THE STEM AND STYLAR 
ENDS OF VALENCIA ORANGES 


A study of the relative amounts of volatile oil in the peel of the stem 
and stylar ends of the fruits was made because various portions of the peel 
sometimes react differently under pathological conditions. The study was 
made, also, to determine whether various portions of the peel contain differ- 
ent amounts of oil, just as various portions of the pulp contain different 
amounts of soluble solids. [Refer to ‘‘Literature Cited’’ in report on 
studies by BARTHOLOMEW and Sincuair (1).| 

The results (table V) show that considerably more oil was obtained from 
the stylar end than from the stem end of the fruit. In samples 1 to 6, the 
disks of peel were taken about midway between the equator and the stem 
and stylar ends, respectively, of the fruits. In these samples the disks from 
the stylar end contained 11 per cent. more oil than those from the stem end. 








—— 
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(For similar results, see table I.) In samples 7 to 12, the disks were taken 
so that the nearest edge of the disk was approximately 7 mm. from the exact 
center of the stem or stylar end, respectively, of the fruit. In this case the 
disks from the stylar end contained 33 per cent. more oil than those from the 
stem end. These results indicate that the oil content of the peel of Valencia 
oranges increases progressively from the stem end to the stylar end of the 
fruit. A similar condition was found with Navel oranges, although the dif- 
ferences were not so great and there were some exceptions. 


Discussion 

The colorless oil obtained from the peel of the orange by distillation 
was taken as the total oil content. It is probable that small amounts of the 
constituents of the oil as it exists in the glands were oxidized during distilla- 
tion. This, however, did not prevent relative values from being surpris- 
ingly constant. Most determinations were made in duplicate, and the varia- 
tions in such determinations were very small, ranging from 0 to 0.052 ml. 
per 100 em.? of peel. 

The volatile oil is located in specialized receptacles (glands) in the sur- 
face layers of the peel, regardless of its thickness. Therefore, although data 
are presented which show the yield of oil per ton of fruit, it seemed that a 
more accurate method would be to express the yield as a function of the 
surface area of the peel. To express the yield of oil as a percentage of the 
wet or dry weight of the peel would not be satisfactory for interpreting 
physiological or chemical data, owing to the fact that the peel may be much 
thicker on some fruits than on others. It can be seen readily that two sam- 
ples of peel of different thickness might have the same oil content per unit 
of surface area, but might yield different percentages of oil if caleulated on 
the weight of the same area of peel. Had the yield of oil been expressed 
on a weight basis, the water content of the peel would have been a factor, 
but the yields in table I, which are based on surface area, indicate that there 
is no direct correlation between yield of oil and the amount of water in 
the peel. 

The variations in comparable values in tables II, IV, and V, and the 
seattering of the points in figures 1, 2, 4, and 5, are due largely to climate, 
cultural methods, and other factors that prevailed in the districts and groves 
from which the fruit samples came. Similar results have been reported by 
Hoop (7), and by Wison and Youne (13). To a much less degree the 
variations can be attributed also to errors in random sampling and in con- 
verting the yield values from comparatively small samples into tonnage 
values. The slight degree of variance between the latter values does not, 
however, prevent the reported results from being significant and of practical 
importance. 

The finding that the quantity of oil in the peel of oranges is influenced 
by conditions existing in the district or grove in which the fruit is grown 
parallels earlier findings that the quantity of soluble solids in the juice is 
affected by the same factors (10). 
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The yield of oil from Valencias was much higher than that from Navels. 
The mean yield from 21 samples of Valencies from 21 groves in the inland 
district was 1.10 ml. per 100 em.” of peel, whereas that from 30 similar sam- 
ples of Navels was only 0.52 ml. per 100 em.? of peel, a difference of 0.58 ml. 
A similar relation existed between the yields from fruit from the inter- 
mediate districts, the mean yield for Valencias being 0.88 ml. per 100 em.” 
of peel, and for Navels, 0.43 ml. There was a greater difference between the 
yields for Valencias in the two districts (1.10 ml. and 0.88 ml.) than for the 
Navels (0.52 ml. and 0.43 ml.). In only one sample of Valencias was the 
yield lower than the highest yield from a sample of Navels. Both Valencias 


TABLE V 


RELATIVE AMOUNTS OF VOLATILE OIL IN PEEL OF STEM AND STYLAR ENDS 
OF MATURE VALENCIA ORANGES 





























MEAN YIELD OF OIL IN PEEL OF 
SAMPLE STEM END STYLAR END 
PER TON OF PER TON OF 
2 
Per 100 cm. share? PER 100 cm. pads sox 
ml, lb. ml. 1b. 

1 1.23 19.3 1.35 21.2 

2 1.34 21.7 1.43 23.2 

3 0.99 16.0 1.07 17.3 

4 1.01 15.8 1.09 17.0 

5 1.00 16.5 1.17 19.3 

6 0.73 12.4 0.89 15.1 

NR ke 1.05 17.0 1.17 18.9 
we, GP. ein + 0.16 + 2.4 + 0.15 + 2.4 
7 0.65 10.4 0.90 14.8 

8 0.71 12.7 0.93 16.6 

9 0.68 11.9 0.95 16.6 

10 0.67 11.5 0.89 15.2 

11 0.82 14.4 0.97 17.1 

12 1.00 15.3 1.39 212 
ae 2 CS 0.76 12.7 1.01 16.9 
MIE: Fs teteciaeexsioicd +0.11 +14 + 0.13 + 1.5 








* Based on oil content of peel of stem and stylar ends, respectively. 


and Navels were of similar maturity—about 3 to 4 months beyond the initial 
stage of commercial maturity. 

Distribution studies of the oil glands in the peel of Valencia oranges were 
not made. The data presented indicate, however, that the distribution is 
similar to that of Navels (12). The larger yield of oil for Valencias indi- 
cates, also, that the oil glands per unit of surface area are more abundant, 
or larger, on the Valencias than on the Navels, or that the glands of the 
Navels contain more non-oil substances.than those of the Valencias. 


Summary 


Changes in the volatile oil content of the peel of Washington Navel and 
Valencia oranges with fruit development have been determined on fruit 
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samples picked from experimental plots at intervals during the season. 
Variations caused by environmental factors have been demonstrated by 
determining the volatile oils on mature fruit samples from groves in widely 
separated areas of southern California. 

As Valencia oranges mature and increase in size, the yield of oil per 
unit area of fruit surface shows little change, but the yield based on the 
mean surface area per fruit increases tremendously. Up to the time the 
Valencia fruits are mature and nearly full size, the oil content is directly 
correlated with the surface area of the fruit, but after the fruits have 
reached this stage of development, the oil content is governed more by 
climatie and physiological conditions than by fruit size. 

The oil content of the peel of both Navels and Valencias is highest in 
fruits from the inland district and progressively lower in those grown nearer 
the coast. Large fruits yield more oil than small fruits when the oil con- 
tent is expressed as yield per surface area, but the reverse is true when the 
yields are expressed on a tonnage basis, because small fruits have more sur- 
face area per ton. Quantitative determinations indicate that the oil content 
of the peel increases progressively from the stem end to the stylar end of the 
fruit. The yield of oil per unit area (100 em.*) of fruit surface is highly 
correlated with the yield of oil per ton of fruit. The yield of oil from 
Valencias is much greater than that from Navels. 
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THE EFFECT OF TOP ENVIRONMENT AND FLOWERING 
UPON TOP-ROOT RATIOS* 


R. H. ROBERTS AND B. ESTHER STRUCKMEYER 
WITH EIGHT FIGURES 


Several papers and many references in other manuscripts have dealt 
with the relation of growth of the tops and growth of the roots of plants. 
These generally present data showing the effect of soil types, moisture or 
mineral elements upon top-root ratio (2, 4,10). The idea is quite prevalent 
in some agricultural circles that the relative amount of roots on a plant is 
determined, if not controlled, by the soil. On the other hand, there are 
several other factors which can be shown to modify greatly the top-root 
ratio. Among these are variety, light intensity (10), photoperiod, partial 
defoliation, girdling, fruiting, and growth substances (14). For example, 
the amount as well as character of the root system of piece-root grafted 
apple trees varies with the variety of scion used (5, 9). The type or 
amount of reserves accumulated in perennial plants as the apple has marked 
effects upon the subsequent top-root ratio (fig. 1). It has been reported 
in the literature that plants grown in short days have relatively few roots 
(1,11). This conelusion may be strengthened if the plants are not grown 
to maturity. Also, having few roots in short photoperiods is an effeet which 
may be incidental to the fact that the plants under observation come to 
flower in short days. Plants which blossom in long photoperiods have been 
seen to have fewer roots in long photoperiods (6), indicating a correlation 
between flowering and limited root development. This was found to be the 
case by WiTHROw, who used nitrogen supply as a variable with photoperiod 
(13). She states: ‘‘. . . plants, for the most part, were able to form pro- 
portionately larger tops as compared to roots under that photoperiod which 
brought about flowering as compared to that photoperiod under which the 
plants remained vegetative. Nitrogen supply did not usually alter the 
direction of this response, although under either photoperiod there were 
proportionately larger tops as compared to roots at high nitrogen levels than 
when the nitrogen supply is limited.’’ Nitrogen is generally credited with 
inereasing the top-root ratio (2, 4, 10). 

The data presented in this paper were collected to measure to what 
extent the ratio of top to root is influenced by some factors in the environ- 
ment of the top; also, to see if the relative amount of root formation is con- 
sistently related to the function of flowering and fruiting regardless of 
whether a plant has a greater ratio of roots in short photoperiods, long 
photoperiods, cool temperatures, warm temperatures or other specific cul- 
tural environment. 

1 Published with the approval of the Director of the Agricultural Experiment Station. 
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Materials and methods 


Twenty-nine species or varieties of plants were grown in some or all of 
the following six environments: long and short photoperiods in the green-- 
house, at three minimum (night) temperatures: 55°, 65°, and 75° F. Plant- 
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Fig. 1. Effeet of light (sun, shade, and photoperiod) and nitrogen nutrient upon 
root development, weight increase, and shoot growth of Wealthy apple trees in pots. 
1927. Upper row of trees were from a lot shaded the previous year when growing in the 
nursery ; lower row from trees grown in full sunlight. 
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ings were made in the winter of 1940-41, and many were repeated in the 
following greenhouse season. The plants used for ratio determinations 
were chosen for their previously ascertained responses to photoperiod and 
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temperature (6, 7) to provide a wide range of top and root development as 
well as flowering. 

Seedling plants were pricked off into flats and later transplanted to pots 
according to usual greenhouse procedure. Prior to potting and transfer 
to the experimental treatments the seedlings or cuttings of varieties which 
are responsive to photoperiod were kept in an environment unfavorable to 
blossoming. 

Plants of many of the lots were sampled at intervals to secure data for 
different stages of development of the plants. As a rule, three plants of a 
lot were taken for a single sample. This number was varied somewhat 
depending upon the size or bulk of the specimens. The roots were carefully 
washed free of soil and separated from the tops; or, in cases where plants 
were started as cuttings, both tops and roots were separated from the origi- 
nal portion, the latter being discarded. 

The samples were brought to dryness at 80° to 85° C. The ratios of 
top-to-root were calculated on a dry weight basis. 


Results 


The influence of temperature, photoperiod, and flowering upon the top- 
root ratio of most of the varieties of plants studied is shown by table I. 

Before summarizing the effects of photoperiod, temperature and fruit- 
ing upon the top-root ratio, some observations will be made upon the history, 
special cultural conditions or reactions of some of the lots listed in table I. 

Lot 1, Sunflower. During the latter part of the growing period the 
minimum night temperature of 55° F. in the cool hours could not always 
be maintained. The effect of the treatment during the early phases of 
growth did, however, produce plants very much unlike those in the warmer 
houses (fig. 2). 

Lot 2, Alfalfa. The plants made responses typical of alfalfa; that is, 
plants placed in a warm location remain weakly vegetative after early lim- 
ited flowering ; the medium temperature, long-day plants blossom, but these 
generally abort (4) ; and the cool, long photoperiod plants fruit well although 
slowly. The cool, short-day plants grow slowly and remain strongly vege- 
tative (fig. 3). An interesting feature of this graph is the change in top- 
root ratio as the flowering state is passed by the warm plants and as the 
cool, long photoperiod plants come to flower. 

Lots 3, 4, Spinach. Spinach plants ‘‘go to seed’’ very quickly in warm 
and medium temperatures, especially in long but to some degree also in short 
photoperiods. Plants remain in a rosette stage of growth for months when 
grown in cool, short photoperiods ; the cool, long-photoperiod plants produce 
seed stalks at a young age, and these often grow to several feet in height. 
The top-root ratios of the cool temperature plants seeded on November 29 
are shown by figure 4. Again, the seasonal change in top-root ratio as flow- 
ering occurs can be noted and also the extremely high top-root ratio of the 
fruiting long photoperiod plants. 
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Lot 12, Cineraria. The high top-root ratio of this short-day plant, as 
it came to flower (fig. 5), is in contrast to the ratio situation in long-day 
plants ; compare with figures 3 and 4. 

Lot 13, Millet. The appearance of the plants at sampling time is shown 
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Fig. 2. Helianthus cucumerifolius, var. Orion. A, cool, short photoperiod; B, cool, 
long photoperiod; C, medium, short photoperiod; D, medium, long photoperiod; E, warm, 
short photoperiod; F, warm, long photoperiod, plants with poor flower development. 
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by figure 6. The high top-root ratio in short photoperiods is typical of 
short-day plants. 

Lot 16, Salvia. Old plants were heavily top and root pruned January 8. 
The ratio of new growth of top and roots on March 18 was 2.4 for vegetative 
plants in long photoperiods and 4.0 for flowering plants in short photo- 
periods at a warm temperature. 
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Fig. 3. Top-root ratio of alfalfa, strain H-822-1. Warm temperature plants 
blossom early and become vegetative later. Cool, long-day plants come to flower after 
an early vegetative period. 
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Fig. 4. Top-root ratio of spinach plants in a cool temperature. There is a marked 
increase of top in relation to the root as the long-photoperiod plants flower and fruit. The 
plants in short photoperiods remain vegetative. 
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Lots 19, 20, Buckwheat. This is the first indeterminate plant reported 
on. It is also a plant which forms blossoms when very young, and in large 
numbers. As would be expected if flowering plants have a limited root 
development, the top-root ratio is very high. 

Lot 21, ‘‘ Apple of Peru.’’ This indeterminate plant might be expected 
to be valuable in determining the influence of temperature upon top-root 
ratio as it blossoms in both long and short photoperiods and in each tempera- 
ture being used. Its value for this purpose is questionable until more is 
known of the effect of slower blossoming in the cool temperature upon top- 
root ratio. 
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Fie. 5. Top-root ratio of Cineraria cruenta. The blossoming plants in short photo- 
periods had uniformly fewer roots in relation to the top than the non-blossoming plants 
in long days at each temperature. 


Lot 25, Corn. This plant is sometimes considered as being a short-day 
species. The Mexican varieties are short-day types, but those grown in 
northern latitudes blossom earlier in short photoperiods only at cool tem- 
peratures for the species, as 60-65° F. In a warm environment of 75° F. 
varieties such as Wisoensin Golden Glow show little response to photoperiod 
so this plant should be classed as an indeterminate type. On March 14 the 
medium temperature plants in long and short photoperiods were both in 
tassel and had top-root ratios of 8.6 and 9.5, respectively. 

Lots 26-30, Peas. Alaska peas need to be planted early for successful 
cropping. Later maturing sorts as Prince of Wales can be planted later 
with equal suecess. Early peas need cooler weather conditions. Possibly 
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this varietal difference may be due to the rooting habits. The early flower- 
ing sort, Alaska, had a much larger top-root ratio especially in the warmer 
temperature where fruits were produced early. 

Hemp. The data on top-root ratio for Cannabis sativa var. Femarring- 
ton was not included in table I because of the lack of columns for male and 
female plants. This is a short-day plant at the three temperatures used, 
although some blossoming occurs on the older plants in long days at high 
temperatures. The particular item of interest in its response is the mark- 





Ec 








Fie. 6. German millet. A, cool, short photoperiod; B, cool, long photoperiod; C, 
medium, short photoperiod; D, medium, long photoperiod; E, warm, short photoperiod; 
F, warm, long photoperiod. 


edly limited rooting of the male plants (fig. 7. D). (This may be a leaf 
relationship as the female plants have persisting green leaves and a greater 
leaf area.) The top-root ratios March 27 are shown with figure 7 for plants 
from seed planted November 28 and given environmental treatments begin- 
ning January 24. 


EFFECT OF PHOTOPERIOD UPON TOP-ROOT RATIO 


An examination of table I shows that the long-day plants (lets 1-11) 
have a consistently higher top-root ratio in long photoperieds, that is, at a 
given temperature. The short-day species (lots 12-18) have just as con- 
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sistently a higher top-root ratio in short photoperiods at the same tempera- 
ture. In the case of indeterminate lots (lots 19-36) there is no pattern of 
photoperiod effect upon top-root ratio. 














Fie. 7. Top-root ratios of Hemp, var. Femarrington. Numbers are top-root ratios. 
A, cool, short photoperiod (budding) 6.4; B, cool, long photoperiod (vegetative) 4.9; 
C, medium, short photoperiod (female blossoms) 7.4; D, medium, short photoperiod (male 
blossoms) 14.5; E, medium, long photoperiod (vegetative) 8.3; F, warm, short photo- 
period (female) 9.5; G, warm, long photoperiod (budding) 9.2. Not pictured, warm, 
short photoperiod (male) 20.2. 


EFFECT OF TEMPERATURE UPON TOP-ROOT RATIO 


Again from table I, it is seen that many of the plants had greater top- 
root ratios in a warm temperature. Among these are spinach, stock, blue 
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grass, cabbage, Cineraria, German millet, Jap buckwheat, Nicandra and 
Prince of Wales peas. On the other hand some plants as geranium and the 
phlox, Miss Lingard, have a larger top-root ratio in a cool temperature. The 
other species under study showed no consistent response to influence of tem- 
perature. 

EFFECT OF FLOWERING UPON TOP-ROOT RATIO 


Since neither photoperiod nor temperature were consistently related to 
top-root ratio throughout the list of plants being grown, the question re- 
mained as to whether the formation of blossoms and fruits was associated 
with a greater top-root ratio at a given temperature, in the case of those 
kinds which show a consistent temperature influence. The data of table I, 
as well as the data for hemp, show a consistently greater amount of top in 
relation to the root in the case of flowering plants. From figures 3-5 as 
well as successive samplings of several other lots as the season progressed 
it is clear that the high top-root ratio was not the result of the photoperiod 
and temperature combination in which the plants were growing but was a 
condition which arose as the plants developed flowers and fruits. It is thus 
clear that coming to flower reduces root extension in relation to the weight 
of top produced. 

Discussion 


The data presented consistently show an effect of the environment sur- 
rounding the top upon the top-root ratio. This is also consistent with the 
































Fic. 8. Cross-sections of roots of tobacco var. Maryland Mammoth. A, nonflowering 
plant; B, flowering plant. Changes in structure accompanying flower production are 
comparable to those found in the stem. 


well-known influence of shade, partial defoliation, and girdling (of some spe- 
cies) in reducing root extension. The characteristic differences in amount 
of root formation and top-root ratio of different varieties are marked. Also 
the influence of blossom induction and fruiting in checking root growth pre- 
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.sents a problem when considering the réle and efficiency of root systems. 
The question which is particularly raised is—at what stage of growth should 
samples be taken. 

The effect of flowering on the top-root ratio may well be related to the 
reduced cambial activity and limited development of phloem tissue which 
accompanies blossoming (8). Partially completed studies of the relation 
of flowering to root anatomy have shown that the structure of the roots of 
annuals is similarly modified by the reproductive state of the top (fig. 8). 
The question arises naturally as to the possibility of altered transport fol- 
lowing a reductioh in phloem development being involved in reduced root 
growth which follows from shading, partial defoliation or girdling. 

The fact that an environmental factor as length of photoperiod or tem- 
perature does not have a consistent effect upon top-root ratio points to the 
possibility that the internal conditions of the plant as elaborated or storage 
material, rather than purely external factors would be the real determinants 
of root production. This could even be the case, as Curtis (3) has sug- 
gested, where soil conditions are credited with influence upon the roots. 
The composition and make-up of the top as an influence upon roots is also 
indicated by the seasonal changes in top-root ratio of plants under uniform 
soil, temperature and light conditions. 

All of these observations combine to raise a question as to the essential 
value of studies of the top-root ratio when attempting to determine the rdéle 
and function of roots in plant growth and development. It appears that 
the ‘‘efficiency’’ of a root system must be measured by other techniques than 
recording top-root ratio; possibly by such studies as those by Went (12). 
He has concluded ‘‘that less than ten per cent. of the root system .. . is re- 
sponsible for more than 50 per cent. of their (tomato) growth rate.”’ 


Summary 


Twenty-nine species or varieties of plants were grown in long and short 
photoperiods at minimum (night) temperature of 55°, 65°, and 75° F. in 
a uniform soil. 

Different species have characteristic top-root relations. 

The top-root ratio was found to vary with changes in the physiological! 
conditions associated with the seasonal development of the plant. 

A given external environment such as length of photoperiod or tempera- 
ture was found not to have a similar effect upon the top-root ratio of differ- 
ent species. Many but not all of the species grown have more roots in rela- 
tion to the top in cooler temperatures than in warm. Some have fewer roots 
in relation to top when the temperature is cool. Likewise, some kinds have 
smaller top-root ratios in short photoperiods and others in long photoperiods. 

The top-root ratio was uniformly larger when the plants came to flower ; 
that is, blossoming plants consistently have fewer roots in relation to the 
amount of top at a given temperature than non-flowering plants of a species. 

It appears that the composition and reserve conditions within the top is 
obviously a large, if not the controlling, factor in the production of roots 
and so, the top-root ratio. 
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A measurement of the top-root ratio would seem to offer less than is 


sometimes expected towards a solution of the problem of the réle or efficiency 
of roots in plant growth. 
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SELECTIVITY OF HERBICIDES 


A. 8. CRAFTS 


With the introduction of new organic chemicals, the use of selective 
herbicides is finding broader application. Stimulated by war conditions, 
their use offers a promising method for increasing efficiency and reducing 
drudgery of agricultural production. 

Early work on selective herbicides is reviewed by ASLANDER (1), and by 
Rossins, CRAFTS, and Raynor (17). This paper considers selectivity from 
a broader viewpoint, discussing the selective killing of annual weeds in crops 
of the family Umbelliferae by oils, the control of annuals and shallow-rooted 
perennials among deep-rooted perennial crops, and the selective use of 
growth regulators as sprays and soil amendments. 

Plants differ in many ways; their surfaces vary in form and chemical 
composition ; some are easily wet by aqueous sprays; others are difficult to 
wet. Surface coatings vary in permeability, and protoplasm responds spe- 
cifically to different chemicals. The gross structure of plants varies in such 
a way that the meristematic tissues of some are exposed and vulnerable to 
sprays, others have their growing points protected. Because of these differ- 
ences certain weeds may be destroyed in growing crops with little or no 
injury to the latter. 

The nature of selectivity 


The surface of cereal leaves is usually minutely ridged, that of broad- 
leaved weeds such as Brassica, Raphanus, and Amsinckia species is smooth. 
The cuticle of cereal leaves is silicious, waxy, or coated with minute particles 
of waxy bloom; that of the above weeds is more susceptible to wetting with 
aqueous sprays. The leaves of cereal crops tend to be upright; those of 
broad-leaved weeds are flat and horizontal. The growing points of cereals 
are located at the base of the plant and are protected by older leaves; the 
same applies to onion. Growing points of broad-leaved weeds are terminal 
and exposed. 

Roots of many annual and shallow-rooted perennial weeds are located in 
the top soil layer ; those of deep-rooted plants may extend many feet into the 
subsoil. Examples are foxtail (Hordeum spp.), shepherd’s purse (Capsella 
bursa-pastoris), plantains (Plantago spp.), and chicory (Cichorium intybus) 
as weeds in alfalfa. Finally, differences in the susceptibility of weeds and 
crops depending upon the reactivity of the protoplasm may be illustrated by 
annual blue grass (Poa annua), mustards, and shepherd’s purse ; such weeds 
are commonly killed by stove oil,’ whereas carrots and celery are unharmed. 


1 Stove oil is a light fuel oil used for domestic heating in the Western United States. 
It is an unrefined fraction of western crudes conforming to the following specifications: 

Gravity, API (Amer. Petrol. Inst.) 37.6° to 38.7°. 

Viscosity (Saybolt Universal) at 100° F., 31 to 33 secs. 

Flash point (Pensky-Martens closed cup) 134°-140° F. 
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All these plants are thoroughly wet by the spray, which penetrates the carrot 
and celery plants, as evidenced by their oily flavor. Evidently the selectivity 
shown between grasses and broad-leaved plants by the growth-regulating 
chemicals is of the same nature; it is displayed both by the salts of dichloro- 
phenoxyacetie acid in aqueous solution and by the esters in nontoxic oil. 
Selectivity is shown by plants both after treatment of the roots through the 
soil (18) and after spraying of the tops (9, 14). 

The action of selective herbicides is relative, depending on the concen- 
tration or dosage applied. No case of absolute selectivity is known; the 
toxicant will always kill both weed and crop species if brought into intimate 
contact with the plants in sufficient concentration. Herbicides known for 
their general contact toxicity (abilify to kill all plant species) are selective 
if applied to weeds and crop plants in a series of concentrations. 


Experimental work 


Data presented are samples from much experimentation over several 
years. They have been selected to illustrate the general principles just pre- 
sented. Thus the problem of relative toxicity as compared with absolute or 
universal toxicity was investigated. Early work (4) proved the efficacy of 
sodium chloride, iron sulfate, copper sulfate, and even sodium arsenite as 
selective herbicides. On the other hand, sodium arsenite was used as a 
general contact ‘‘ weed killer’’ (21) and soil sterilant (12,19). Evidently 
arsenic could serve as either a selective or a general contact herbicide. 
Studies on selective herbicides in cereal-crop experiments at Davis, Cali- 
fornia, in the spring of 1932 included plots sprayed with sodium arsenite 
solutions (table I). The plants averaged about 6 inches in height at the time 
of spraying. 

The 4 per cent. solution killed all the barley and weeds. The 2 per cent. 
solution killed all the weeds and injured the barley, but the latter recovered 
rather quickly. The 1 per cent. solution injured the barley slightly and 
failed to eliminate fiddleneck completely. The lower concentrations injured 
the weeds but did not control them sufficiently to prevent reseeding. Plots 
2 and 3 had materially increased yields; plot 4 was somewhat better than 
the checks. 

Evidently sodium arsenite, ordinarily regarded as a general contact weed 
killer, will act selectively if applied at the proper concentration. 

Practically all inorganic salts are somewhat toxic to plants if sufficiently 
concentrated solutions are applied to the foliage. Many are low in toxicity 
and will not kill all species, even if applied in saturated solution; most of 





Distillation temperatures: 


Initial boiling point 335° to 380° F. 
10 per cent. point 380° to 390° F. 
90 per cent. point 480° to 515° F. 
End point ............... 535° to 570° F. 
Water and sediment 0.0 to trace 


Sulfur content 0.13% to 0.68% 
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these would be of no practical value as herbicides. The following list 
enumerates salts that have been tried and found useful: iron sulfate, copper 
sulfate, copper chloride, copper nitrate, sodium chloride, sodium chlorate, 
sodium arsenite, barium chlorate, sodium chromate, sodium dichromate, 
sodium nitrate, sodium bisulfate, nickel sulfate, ammonium sulfate, zine 
sulfate, potassium chloride, magnesium chloride. 

Besides these, many other salts have been tested (5). Arsenic acid and 
sulfuric acid have also given practical results; in fact, for several years 
before the dinitro compounds were introduced, sulfuric acid led as a selective 
herbicide, particularly in cereal crops. 


TABLE I 


TOXICITY OF SODIUM ARSENITE SPRAYS TO MUSTARD, FIDDLENECK,* AND BARLEY. 
INJURY IS EXPRESSED AS PERCENTAGE OF DAMAGE TO FOLIAGE COMPARED 
WITH UNTREATED CHECKS. ALL PLOTS 1 SQUARE ROD IN AREA, 
TREATMENT FEBRUARY 19, 1932 














. ARSENIC INJURY BY MARCH 1, 1932 InguRY BY ApRIL 1, 1932 

LOT 

aie ohuanart BARLEY | MUSTARD FIDDLE- BARLE MUSTARD FIDDLE- 

NECK Z =i cee NECK 
% % % % % % %o 

1 4.00 100 100 100 100 100 100 
2 2.00 10 100 100 0 100 100 
3 1.00 5 100 90 0 100 90 
+ 0.50 0 95 85 0 95 75 
5 0.25 0 90 75 0 90 - 560 
6 0.125 0 75 10 0 50 0 


























* The common name fiddleneck is used here to designate Amsinckia douglasiana, a 
common grainfield weed of central California. 
t Percentage of As,O, by weight. 


Selectivity of these salts and acids in aqueous solution is largely a result 
of differential wetting ; differences in the surface coating of the plants and 
in the form and orientation of leaves, rather than chemical tolerances, 
account for the differences in injury. If wetting agents are added to such 
solutions, selectivity is reduced ; the crop plants may be severely injured. 

In addition to the protection afforded plants because of their ability to 
resist wetting, other mechanisms may be involved. For instance, if wetting 
agents are added to sulfuric acid sprays, grass leaves will be severely dam- 
aged; stems, on the other hand, may show little injury; and new leaves, 
developing from growing points buried deeply in the centers of the stems 
near the crown, may be unharmed. This type of selectivity, dependent upon 
structure, became evident when wetting agents were added to sulfuric acid 
in an effort to develop a general contact herbicide. Besides grasses, Erodium 
species in the rosette showed resistance; and in this case, again, selectivity 
was based upon structure, not upon wettability or any other chemical charac- 
teristic. As with sodium arsenite, sulfuric acid will kill all plants if applied 
in sufficient concentration; at intermediate concentrations (about 10 per 
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cent. by weight) it readily kills broad-leaved plants but not grasses; and at 
low concentrations (about 3 per cent.) it will kill dodder, small seedlings of 
mustards, chickweed, and the like. Toxicity again ranges from total to zero, 
depending upon concentration, plant species, and environmental factors that 
determine the susceptibility of plants to acid injury. 


THE DINITRO COMPOUNDS 


The introduction of Sinox (the sodium salt of dinitro ortho eresol) in 
1938 started a new phase in the use of selective herbicides. Experiments in 
California (20) proved this material to be highly selective, noncorrosive, and 
far less toxic to animals than sodium arsenite (16). Soon after its com- 
mercial introduction, Sinox was used extensively on the Pacifie Coast. In 
Oregon (10) it was tried in combination with other chemicals, notably ammo- 
nium sulfate, calcium cyanamid, sodium bisulfate, sulfuric acid, sulphamic 
acid, and ammonium sulfamate. These supplementary chemicals were first 
added to test the possibility of applying a fertilizer along with the herbicide. 
All those listed above increased the effectiveness of Sinox, ammonium sulfate 
producing the most outstanding results. It soon became evident that an 
amount of this chemical insufficient to give a fertilizing effect greatly in- 
creased the activity of the Sinox, and that crop increases were incommensu- 
rate with the total nitrogen applied. Furthermore, comparable results were 
obtained by the use of sodium bisulfate. Since toxicity of sodium dinitro 
ortho cresylate was increased when these acid salts were added, such addi- 
tion soon became known as ‘‘activation.’’ 


TABLE II 


CROPS IN WHICH SELECTIVE WEED CONTROL MAY BE PRACTICED, AND WEEDS THAT 
MAY BE KILLED BY SELECTIVE HERBICIDES IN AQUEOUS SOLUTION 





























Crops 
Wheat Corn 
Barley Onions 
Oats Garlic 
Rye Ryegrass 
Flax Fescue 
Peas 

WEEDS 

Mustards, Brassica nigra and B. arvensis 


Wild turnip, Brassica campestris 

Hedge mustard, Sisymbrium spp. 
Fiddleneck, Amsinckia spp. 

Fan weed, Thlaspi arvense 

Pennyeress, Thlaspi perfoliatum 

Russian thistle, Salsola kali 

Prickly lettuce, Lactuca scariola 
Corneockle, Agrostemma githago 
Shepherd’s purse, Capsella bursa pastoris 
Small nettle, Urtica wrens 

Nightshade, Solanum nigrum 

Wild buckwheat, Polygonum convolvulvus 
Lamb’s-quarter, Chenopodium album 
Hungerweed, Ranunculus arvensis 











CRAFTS: SELECTIVITY OF HERBICIDES 349 


In California, work on the activation of Sinox (7) has indicated the 
nature of the chemical reaction involved. Besides demonstrating that Sinox 
could be activated, Harris and Hysiop (10) showed conclusively that ammo- 
nium sulfate or calcium cyanamid could be applied simultaneously with the 
selective herbicide and that the enhanced toxicity resulted in excellent con- 
trol of weeds, including some species which Sinox would ordinarily not affect. 
They also showed that sulfamic acid and ammonium sulfamate would acti- 
vate Sinox. More recently aluminum sulfate has been added to the list of 
activators. 

Not only have the field trials demonstrated the efficiency of Sinox as a 
selective herbicide; they have increased the number of crops in which this 
kind of control may be practiced. Table II lists the known crops in which 
weeds may be-treated selectively and the principal weeds that may be killed 
by selective herbicides. As this list shows, many new crops have been added 
since Bolley’s early experiments with selective herbicides. The question 
naturally arises: how far can this list be extended? There are two chief 
ways of improving selective herbicides: (1) by increasing the toxicity so that 
dosage can be reduced, and (2) by widening the selectivity or extending it 
to entirely new groups of plants. Both these improvements have been 
accomplished in recent years. 


INCREASED TOXICITY 


The first step in increasing the toxicity of the dinitro compounds was the 
use of acid salts as activators in the way mentioned above. The next step 
was to test the ammonium salt of dinitro ortho cresol. It proved as toxie as 
the activated sodium salt. Since the ammonium salt is not as highly inflam- 
mable as the dry sodium salt, it is a water-soluble dry powder that may be 
used under field conditions. Its use reduces the weight of material required 
per acre from 10 pounds (the approximate weight of 1 gallon of Sinox) to 
3 pounds. This effects a real saving in transportation and provides a more 
convenient form for handling the chemical. 

Dinitro phenol has the formula 


OH 


NO, 


The formula of dinitro ortho ecresol is 
OH 


NO, CH, 


NO, 


Since the latter is much more toxic than the phenol, it seems reasonable that 
lengthening the aliphatic chain might further increase toxicity. This has 
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proved to betrue. Testing of the 2,4 dinitro compounds of phenol, o-methy], 
o-ethyl, 0-isopropyl, o-secondary butyl, and o-secondary amy] phenol, respec- 
tively, showed that toxicity increases through the first five and drops slightly 
in the sixth. Table III from Crarrs (6) illustrates this relation. The ammo- 
nium salts of these compounds are water-soluble, and ammonium dinitro 
ortho secondary butyl phenylate is three to four times as toxic as the corre- 
sponding cresylate. It is less irritating than the cresylate, readily soluble 
in water, and its density is such that ? pound finely powdered has a volume 
of about 1 pint. This, dissolved in 100 gallons of water, will control mus- 
tards and similar grain-field weeds in an average acre of grain. Further 
increases in the toxicity of selective herbicides will be of little benefit unless 
accompanied by a decrease in cost because the volume of material mentioned 
above is about as low as is convenient to handle. 


TABLE III 


SOLUBILITY IN OIL AND RELATIVE TOXICITY* OF DINITRO COMPOUNDSt 


























So.usiuityt CHamr wi 
CHEMICAL IN KEROSENE | ToxiciTy* rnin nah 
aT 20° C. Tora, MW 
%o (approa.) 
Dinitro phenol 0.14 38 . 0.0 
Dinitro-o-cresol 0.58 64 7.5 
Dinitro-o-ethyl phenol .... 2.39 75 13.6 
Dinitro-o-isopropyl phenol |... 3.43 90 18.9 
Dintive-c-ascuasiiy utyl phenol ...... Miscible 100 23.6 
Dinitro-o-secondary amyl phenol .... Miscible 90 27.8 





* Toxicity in arbitrary units has been calculated to a basis of 100 per cent. for 
dinitro-o-secondary butyl phenol, the most toxic of the six compounds. This toxicity 
would require concentrations of approximately 0.5 per cent. on grasses and 0.125 per 
cent. on broad-leaved weeds if applied in nontoxic oil or oil emulsion under the conditions 
of these experiments. 

t Table taken from CrarTs (6). 

¢ Solubility is higher in more polar solvents. The aromatic and olefin contents of 
petroleum fractions largely determine their solvent power for the nitrophenols. 


BROADENING SELECTIVITY ; THE SELECTIVE OILS” 


Discovery of the selective action of certain petroleum fractions has added 
a whole new group of crops that may be weeded chemically ; those belonging 
to the family Umbelliferae. Principal among these are carrots and celery; 
others include parsnip, parsley, dill, and caraway. Guayule will tolerate 
stove oil and low dosages of diesel oil.® 

2 Work on the herbicidal properties of oil in California has been cooperative between 
the Botany and Chemistry Divisions of the College of Agriculture. H. G. Reimer and 


H. W. ALLINGER of the Chemistry Division have aided in the experimental work reported 
here. 


3 Diesel oil is a medium grade fuel oil, used for diesel motors. It is not highly 
refined and it is toxic to most plants. The following specifications are used in purchasing 
diesel oil for spraying fire strips along California highways: 

Gravity (A.P.I.) at 60° not less than 27° F. 

Viscosity (Saybolt Universal) at 100° F. not over 50 sees. 
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Selectivity of petroleum oils is evident among weeds as well as crop 
plants. Fennel (Foeniculum vulgare), snake root (Sanicula spp.) and 
poison hemlock (Coniwm maculatum) are three Umbelliferae that escape in- 
jury from oil. Pineapple weed (Matricaria suaveolens), groundsel (Senecio 
vulgaris), purslane (Portulaca oleracea), and yellow star thistle (Centaurea 
solstitialis) are somewhat tolerant, especially in the rosette stage. Grasses 
and many broad-leaved annuals are readily killed by spraying with oils. 

According to studies on the toxicity of oils, the aliphatic hydrocarbons are 
nontoxic; the aromatic hydrocarbons and olefinic compounds are largely 
responsible for oil injury (8). Of the aromatic and olefinic compounds that 
occur naturally in petroleum, those boiling below about 200° F. cause a rapid 
killing of plant tissue, termed acute toxicity ; those boiling above 200° F. act 
more slowly but cause a more profound injury—the so-called chronic tox- 
icity (8). Selective toxicity of the type caused by stove oil is largely acute; 
and experiments have shown that oil fractions even lighter than stove oil are 
preferable as carrot sprays because they are more toxic and leave less 
residual odor and flavor in the vegetable. 

There is no sharp point of distinction between compounds causing acute 
and chronic injury. The temperature of 200° F. represents the low point 
of a range. Compounds boiling below 200° F. show acute toxicity; those 
boiling above about 400° F. show chronic toxicity. In the range between 
200° and 400° F., compounds will exhibit some of each type provided the 
dosage is adjusted so that acute toxicity will not kill the plants. 

Selectivity and toxicity of oil fractions vary with the boiling range. 
Carrots tolerate the light oils boiling below 200° F. Under similar growing 
conditions, flax and onions are injured by such light oils, but the latter crops 


will tolerate low concentrations of aromatic and olefinic toxicants in the - 


boiling range of kerqsene, namely 200° to 400° F. For this reason kerosene 
will not injure flax and onions; but even its low content of chronic toxicant 
is sufficient to kill seedling grasses such as wild oats and barley. One can 
therefore obtain selective killing of these grasses in flax and onions in the 
greenhouse at will. In some cultures the same grasses were killed without 
injury to wild mustard. This is the reverse of the selectivity shown by 
dinitro compounds. In fact, the oils seem to have a specific selectivity 
against grass species, in contrast to broad-leaved plants. 

Certain plants tolerate the chronic toxicants of oils as heavy as diesel oil. 
Notable among these are guayule and fennel. Light dosages of diesel oil are 
regularly used for controlling weeds in guayule crops. Where this oil has 
been used annually to kill weeds on fire strips along highways in California, 
fennel has been uninjured and has grown, unlimited by competition, oceupy- 
ing many sprayed areas completely. 

Selective toxicity of oils differs from that of aqueous solutions because 





Flash point (PMCC) not less than 150° F. 
Distillation, 90% point not over 680° F. 
Water and sediment not over a trace. 
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wetting is not involved. Since the tops of the plants are thoroughly wet by 
the oil sprays, the absence of injury to the tolerant crops and weeds must 
be characteristic of their protoplasm. 

Selectivity of oils, again, is relative ; if the toxicant is used in high enough 
concentration, all plants are killed. This point was proved experimentally 
in two ways. : 


TABLE IV 


TOXICITY OF XYLENE, ISOPARAFFIN, AND THEIR COMBINATIONS TO CARROTS, MUSTARD, 
AND FOXTAIL (Hordewm murinum). DATE OF APPLICATION 
Magcu 14, 1945, 9: 00-10: 00 a.m. 









































OIL MIXTURE INJURY—PERCENTAGE OF UNTREATED CHECKS 
DATE OF OBSERVATION 
Iso- 
= PARAgETN MARCH 14, 1945 MaARcH 15, 1945 
CARROTS | MuSTARD | FoxTarl | CARROTS | MUSTARD | FoxTAIL 
% %o % % % % %o % 
100 0 95 100 100 100 100 100 
80 20 90 95 100 95 100 100 
60 40 80 95 95 85 95 95 
50 50 20 95 90 25 95 95 
40 60 5 95 75 5 95 80 
0 100 0 0 0 0 0 0 
MaARkcH 16, 1945 MARCH 17, 1945 
100 0 100 100 100 100 100 100 
80 20 95 100 100 95 100 100 
60 40 85 95 100 85 100 98 
50 50 35 95 98 40 95 98 
40 60 5 95 90 5 95 95 
0 100 0 0 0 0 0 0 
Marca 19, 1945 MARCH 21, 1945 
100 0 100 100 100 100 100 100 
80 20 90 100 100 90 100 100 
60 40 75 100 95 75 100 95 
50 50 40 95 100 40 100 100 
40 60 5 98 95 5 98 98 
0 100 0 0 0 0 0 0 
MARCH 26, 1945 MaAkcH 31, 1945 
100 0 100 100 100 100 100 100 
80 20 80 100 99 60 100 99 
60 40 70 100 98 50 100 98 
50 50 30 98 100 15 9S 100 
40 60 0 98 98 0 95 99 
0 100 0 0 10 0 0 10 


























First, the aromatic compound, xylene, was used straight, and also in a 
series of dilutions with a relatively nontoxic aliphatic hydrocarbon. Either 
pure xylene or xylene in concentrations above 60 per cent. was fatal to all 
plants. At concentrations between 60 and 40 per cent., it killed weeds with- 
out injuring carrots. Table IV presents the results of one such experiment. 
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Second, aromatic and olefinic compounds extracted from petroleum frac- 
tions were used pure and in dilution series. The results were similar to those 
reported with xylene (tables V and VI). These petroleum extracts, how- 
ever, are higher in toxicity than xylene. For this reason, straight gasoline 
containing around 20 per cent. of aromatic and olefinic compounds is highly 
selective whereas xylene, to produce the same results, must be used at a 
higher concentration. 


TABLE V 


TOXICITY OF OLEFINIC FRACTION IN DILUTION WITH NORMAL CETANE TO CARROTS, FLAX, AND 







































































FOXTAIL. DATE OF APPLICATION APRIL 25, 1945 
OIL MIXTURE INJURY—PERCENTAGE OF UNTREATED CHECKS 
HEAVY APRIL 26, 1945 APRIL 28, 1945 
OLEFINIC CETANE [ Aas 
FRACTION CARROTS | FLAx | FoxtTam | CARROTS FLAX FoxtTaIL 

% %o %o % To % % % 
50 50 5 20 50 10 50 85 
45 55 5 10 30 20 40 70 
40 60 0 5 20 5 20 60 
35 65 0 0 10 0 10 30 
30 70 0 0 5 0 2 20 
25 75 0 0 0 0 1 10 

May 1, 1945 May 3, 1945 
50 50 20 90 100 10 95 100 
45 55 20 75 80 15 90 90 
40 60 10 65 75 10 75 80 
35 65 0 35 30 0 40 40 
30 70 0 10 25 0 10 20 
25 75 0 5 15 0 5 10 

May 5, 1945 May 7, 1945 
500 | S50 10 95 100 15 95 100 
45 55 15 90 95 15 90 95 
40 60 10 80 85 15 | 80 90 
35 65 0 50 75 5 | 60 80 
30 70 0 15 20 0 20 20 
25 75 ae Sar 10 ER tne 10 

May 11, 1945 May 14, 1945 
50 50 15 95 | 100 10 «6—|: «690 S| Ss 100 
45 55 10 90 | 100 6. ho | 100 
40 60 10 80 95 5 | 70 100 
35 65 0 60 90 0 | 50. | 100 
30 70 0 15 40 0 oe 75 
25 75 0 | 0 20 0 G4 40 

| 














The selective nature of stove oil is purely fortuitous. It depends on the 


fact that this fraction is within a boiling range which largely excludes com- 
pounds toxie to carrots. 
gravity rating of 38.0+° F. 
injured carrots in the field. 

at the limit of gravity for carrot spraying. 


Stove oil for carrot spraying should have an API 
A sample of such oil rating 34.7° severely 
This observation proves that stove oil is just 
A lighter oil is superior; not 


— 
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only does it have higher selectivity, but it is more volatile and hence leaves 
less objectionable odor and flavor. 
line as a carrot spray have proved these statements to be correct. Third- 
structure gasoline is the heaviest and consequently the least expensive grade 
sold commercially as an automobile fuel. 

In the Eastern United States no fraction comparable with stove oil is 
manufactured. In attempting to duplicate such a fraction, LacHMAN (13) 


TABLE VI 


TOXICITY OF HEAVY AROMATIC FRACTION IN DILUTION WITH NORMAL CETANE TO CARROTS, 
FLAX, AND FOXTAIL. DATE OF APPLICATION APRIL 25, 1945 


Experiments with third-strueture gaso- 





















































Ol MIXTURE INJURY—PERCENTAGE OF UNTREATED CHECKS 
HEAVY APRIL 26, 1945 APRIL 28, 1945 
AROMATIC CETANE 
FRACTION CARROTS | FLAx | FoxTar | CARROTS FLAx FoxtTaIL 
% % Jo % % % % Jo 
40 60 5 50 50 10 85 90 
35 65 0 5 60 5 25 90 
30 70 0 0 30 0 10 60 
25 75 0 0 15 0 10 40 
20 80 0 0 10 0 5 25 
0 100 0 0 0 0 0 10 
May 1, 1945 May 3, 1945 
40 60 15 95 100 15 | 9 100 
35 65 5 80 100 5 | 80 100 
30 70 0 70 90 0 70 95 
25 75 0 50 75 0 60 80 
20 80 0 20 50 0 | 20 60 
0 100 0 0 0 0 0 0 
May 5, 1945 May 7, 1945 
40 60 15 95 | 100 10 95 100 
35 65 5 80 | 100 5 80 100 
30 70 0 70 | 95 5 | 70 100 
25 75 0 60 | 85 ® 1 az 90 
20 80 0 20 | 75 0 25 80 
0 100 0 0 0 0 0 0 
May 11, 1945 | May 14, 1945 
40 60 tee i ee 90 100 
35 65 5 90 100 0 90 100 
30 70 5 75 100 0 75 100 
25 75 0 60 90 0 60 75 
20 80 0 25 80 0 25 50 
0 100 0 0 0 0 0 0 


| 








recommends oils of the ‘‘straight-run petroleum naphtha type’’ having ‘‘an 
Some such oils are ‘‘Sova- 


aromatic content of approximately 15 per cent.’ 


b J 


sol No. 5,”’ “‘Stoddard Solvent,’’ ‘‘Mineral spirits,”’ 


and ‘‘Sun §pirits.’’ 


These are fractions used in industry as paint thinners and cleaning solvents. 
Though considerably more expensive than stove oil, they are still economical 
where they can be used in place of hand labor. 
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SELECTIVITY THROUGH THE SOIL 


The selective herbicides discussed above have all been contact sprays that 
produce selective action on the tops of plants. Many compounds having the 
properties of soil sterilants act selectively upon plants through the roots; 
in fact selectivity among plants is commonly manifested, and only when 
heavy dosages are used is sterilization against all weeds obtained. 

With sterilants of the volatile type, loss of vapor from the top soil may 
result in selectivity. For instance, with carbon disulfide one may destroy 
the wild morning-glory in an area without killing Bermuda grass, which is 
relatively shallow-rooted. Such a treatment might be used to kill deep- 
rooted perennials in a Bermuda grass lawn. 

In the use of the temporary sterilant sodium chlorate, selectivity may 
follow from localization of the chemical in the soil, or it may result from a 
chemical tolerance shown by certain plants of saline regions. Of the first 
type is the killing of Johnson grass by a winter application of chlorate to the 
soil, and the survival of wild morning-glory in the same area; the chemical 
becomes diluted before it can percolate to the deep roots of the latter pest. 
Another instance, noted many times, is the survival of poison oak (Rhus 
diversiloba) on firebreaks where chlorate has been used alone or in combi- 
nation with arsenic to control bearmat (Chamaebatia foliolosa) and other 
shallow-rooted perennials. 

As an example of chlorate tolerance, salt grass (Distichlis spicata) can- 
not be eradicated easily by this chemical although Bermuda grass (Cynodon 
dactylon), Russian knapweed (Centaurea repens), and other perennials 
growing on the same area will be killed. Alkali-tolerant weeds such as salt- 
bush (Atriplex semibaccata), bractseale (A. bracteosa), and spikeweed 
(Centromadia pungens) are usually the first weeds to reappear where chlo- 
rate has been used to kill Johnson grass (Holcus halepensis), wild morning- 
glory (Convolvulus arvensis), or other perennials. 

Despite the extreme toxicity of arsenic, certain weed species, notably 
bractscale, yellow star thistle, salt grass, and similar salt-tolerant pests, may 
grow where the soil has been made completely sterile to other plants. 

Borax has an advantage over chlorate and arsenic, in that grasses are 
stimulated by intermediate concentrations (6 lbs. per square rod) of it in 
the soil (17). The same concentrations are toxic to St. Johnswort (Hyperi- 
cum perforatum) and bearmat. After borax application for control of these 
pests, grasses usually invade the treated areas to the total exclusion of the 
weeds, and growth is often more vigorous than on normally weed-free grass 
areas. Because selective chemicals may thus shift vegetation types, con- 
ceivably they might find extensive use in range-improvement work. 


GROWTH-REGULATING SUBSTANCES AS SELECTIVE WEED KILLERS 


A wholly new field in chemical weed control has been opened by the dis- 
covery that plant-growth-regulating substances may be used as selective 
weed killers—a discovery made in Britain in 1942 by SLADE, TEMPLEMAN, 
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and Sexton (18) and in this country in 1944 by Bran (2), MircHeti and 
Hamner (15), and Hamner and Tukey (9). As these workers have shown, 
cereal and grass crops exhibit considerable tolerance for this type of chemi- 
cal, whereas most broad-leaved plants, including many weed species, are 
highly susceptible. Consequently, the growth regulators can be used selec- 
tively to control broad-leaved weeds in cereal crops, pastures, lawns, and 
elsewhere. 

Furthermore, selective action is shown by the roots from application of 
the chemical to the soil, as well as by the tops after a spray application on 
the foliage. The outstanding feature of this growth-regulating type of 
chemical is its extreme toxicity ; satisfactory control of mustard species has 
been secured with $ to 1 pound per acre, and BLacKMAN (3) reports almost 
complete control of Brassica arvensis in the seedling stage with 4 ounces per 
acre applied as aspray. Cereal crops produce increased yields through lack 
of competition with the weeds. 

After being sprayed on, the growth regulators are absorbed through the 
leaves. They are translocated apparently in the same way as naturally 
occurring plant hormones; that is, in a polar fashion from foliage to roots. 
Being toxic, they will kill the perennial root systems of many weeds such 
as wild morning-glory, Canada thistle (Cirsium arvense), dandelion (Taraz- 
acum vulgare), and plantain. They can therefore be used to control practi- 
eally all broad-leaved weeds in lawns, pastures, and cereal and grass crops. 
They are valuable against poison ivy (Rhus toxicodendron), poison oak, 
poison sumac (Rhus vernix), Japanese honeysuckle (Lonicera japonica), 
and similar pests in pasture or woodland areas. Recent tests indicate their 
use in eliminating cattails (Typha spp.), tules (Scirpus spp.), bur-reed 
(Sparganium eurycarpum), willows, and other weeds of wet lands and 
drainage channels (11). Chief among such chemicals are the phenoxyacetic 
acid derivatives. In Britain the 4 chloro-2 methyl compound has found most 
favor; in this country the 2,4 dichloro compound. Both the phenoxy and 
naphthoxy compounds are effective, and the sodium and ammonium salts of 
the acetic acid derivatives have been used. 

Although the growth regulators show their greatest selectivity between 
grasses and broad-leaved species, other plants display varying susceptibili- 
ties to their toxic action. Weeds as well as crop plants differ, and some 
differences occur among the grasses. Table VII lists a number of weeds 
whose reaction to growth regulators has been noted. In using this table one 
should remember that small seedlings are easier to kill than mature plants; 
that perennials in active growth are more susceptible than when old and 
woody ; and that the form of the chemical, the dosage, and the method of 
application may affect the result. 

Woody plants sprayed in July and August by HAMNER and TuKey (9) 
developed growth curvatures ; the leaves dropped off, and the stem tips were 
killed. As those workers note, treatment earlier in the season may give more 
drastic results. 
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In instances where the same species were involved, results of tests in Cali- 
fornia substantially agree with those cited above. The California observa- 
tions have been made on plot tests where 2,4-D (2,4 dichlorophenoxyacetic 


TABLE VII 


WEEDS THAT HAVE PROVED SUSCEPTIBLE OR RESISTANT TO GROWTH REGULATORS* 
































INTERMEDIATE SPECIES REFERENCE | INTERMEDIATE SPECIES REFERENCE 
Alsine Po * media 22 Leptilon canadense . 22 
Anthemis cotula .. ' 22 | Oxalis corniculata 23 
Cardaria spp. ets 23 | Plantago major 22 
Chenopodium album .... 22 - rugelii 22 

F glaucum . 22 | Polygonum aviculare ............... 22, 23 
Euphorbia maculata 23 Bummer Acetosenba oo..ccoccccccccvoon 23 
Hypericum perforatum 23 Solidago spp. bn 23 
Lactuca scariola ................... 22 | Tragopogon pratensis ........... 22 

Te TN, settle nce 22 || Typha latifolia 23 

RESISTANT SPECIES REFERENCE | RESISTANT SPECIES REFERENCE 
Achillea millifolium. ....... 14, 22,23 | Matricaria inodora € 3 
AQGrOPYTON TEPENS oo... cco 9 Muhlenbergia schreberi 22 
Agrostema githago ............ 22 Oxalis corniculata var. 

Alchemilla arvensis .... 3 atropurpurea 11, 22, 23 
Anthemis cotula ............... 18, 23 Persicaria persicaria , 22 
Asclepias speciosa ........ 23 nie pennsylvanicum 22 
Atriplex patula 0.0.0.0... 3 Physalis spp. 23 
Avena fatud 0.00.00... 9,11 Plantago major 14 

ies Se ee 18 Poa annua 11 
Bromus mollis ............... 11 ‘< pratensis 9 

sing rigidus ........... 11 Polygonum aviculare 3 
Cenchrus paucifiorus 22 “ convolvulus 22 
Centaurea repens ..... 11, 23 4 tartaricum 22 
Cephalanthus occidentalis 23 Pteris aquilina 3, 23 
Chaetocloa spp. 22 Rhus diversiloba 23 
Chrysanthemum leucanthe- 

mum var. pinnatifidum 14 Rubus procerus 11 
Cynodon dactylon 11 = a 14, 23 
Digitaria ischaemum ..... 9 Rumez acetosella 14, 22 
Digitaria (Syntherisma) ‘¢  obtusifolius 14 

sanguinale 9, 22 a 3, 22 
Echinocloa crus- galli 9, 22 Salsola pestifer 22 
Elusine indica 9, 22 Saponaria vaccaria 22 
Equisetum spp. 22 Senecio jacoboea 23 
Euphorbia esula 22 Setaria lutescens 9 
Fumaria officinalis 3 ‘6 wiridis 9 
Helxine soleiroli .. 11 Sida hederacea 11, 23 
Holeus halepensis 11 Silene noctiflora 22 
Hordeum jubatum 22 Solanum nigrum 22 
Linaria vulgaris ..... 23 ee rostratum 22 
Lolium multifiorum .. 11 Urtica dioica 3 
Lychnis alba oo... 22 Verbascum thapsus 22 
Matricaria chamomilla 3 Viola spp. 22 

SUSCEPTIBLE SPECIES REFERENCE SUSCEPTIBLE SPECIES REFERENCE 
Amaranthus blitoides .... ~ 92, 23 Artemisia vulgaris var. 

a caudatus 11 heterophylla 22 

af retroflexus . 9, 14, 22,23 | Asclepias syriaca 9 
Ambrosia artemisiifolia 9, 22 Barbarea barbarea 22 

ee psilostachya 11, 23 Brassica arvensis 3, 22 
Apocynum cannabinum 23 es juncea 22 
ALetiWM MINUS ooo 22, 23 “ napus 22 
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TABLE VII (Continued) 


WEEDS THAT HAVE PROVED SUSCEPTIBLE OR RESISTANT TO GROWTH REGULATORS* 














SUSCEPTIBLE SPECIES REFERENCE | SUSCEPTIBLE SPECIES REFERENCE 
Brssicd MTA occcccecccorororenesee 11 | MeVilo ters QUO one. cccceccscesenerrnen 9 
she a... visiani ......... 19 nix NS Sa tansaisa-cooieties 22, 23 
$4 Soin 23 | Neslia paniculata 22 
Cemaing hie 22 Ee 14 
bag oo ursa) ‘bursa- | Papaver Rhoeas ..... 3,18 
Fa ea 14, 22, 23 | Plantago lanceolata 9, 14, 
Cardaria draba var. _— i 11 ie major 9,18 
Centaurea cyanus .. sae 3 es ss. < 23 
wie solstitialis . 11, 23 Polygonum aviculare 14 
Cerastium vulgatum .......... 22 hp coccineum 11 
Chenopodium album 9, 18, 23 +6 convolvulus ......... 3 
Chrysanthemum segetum ..... 18 + pennsylvanicum 9 
Cichorium intybus ...................... 11, 23 Portulaca oleracea 9, 23 
Comte ae. . 23 Potentilla spp. 22 
Cirsium lanceolatum .............. 23 Prunella vulgaris 23 
Conium maculatum. ............ 11, 23 Ranunculus arvensis 3,18 
Conringia orientalis ........... 22 Raphanus raphanistrum 3,18 
Convolwulus arvensis .............. 9, 11, 23 vie sativus 23 
es sepium .................... 14 Roripa austriaca ars 23 
Datura stramonium. ................... 14 Rumex acetosella 0.0... 11 
Daweus Carota 0.0.0.0... Ts 23 ‘¢  erispus 23 
Eichornia crassipes .................. 11 Salix spp. 23 
BqQuisetuM Sppn -.ccecccccoccenvm ; 3,11 Scandiz pecten veneris . 3 
Erysimum cheiranthoides ..... 3, 22 Scirpus acutus . 11, 23 
Euphorbia maculata .... 11, 22 Setellaria Media oo... ccccccccoonn 9,14 
Foeniculum vulgare .. 11, 23 Silybum marianum ..................... 11, 23 


Galeopsis tetrahit 
Glecoma hederacea 
Helianthus annuus 


Sisymbrium altissimum ........ 
Solidago occidentalis .............. 
Sonchus arvensis 


Hydrocotyl prolifera ........ i a asper 
$e rotundifolia ........ $6 oleraceus ................ 
ve umbellata .............. oe | REE ees 


Sparganium eurycarpum. ...... 
Spergula arvensis aa 
Taraxacum officinale .............. 
Thlaspi arvense 
Tribulus terrestris 
Trifolium repens 
Urtica spp 

Verbena bracteata 
Veronica hederifolia 


Hypericum perforatum ............ 
Hypochoeris radicata ............. 
Iva sxanthifolia 
Jussiaea californica ..... 
Kochia scoparia ....... : skied 
Lactuca pulchelda 0.0.0... 
a “isis 
Lamium amplezicaule 
Lappula echinata 0... 


Pe 
BB” 
8 8 


BEBBoBEERE pPRBBOEB 


Lepidium apetalum. .................... th spp. 
as virginicum ............... Xanthium canadense 
Malva parvifora .... Sis aid spinosum 
‘¢ femeree. —._.......| % ee spp. £ 


BBSSBBBBSBERBBECBEEEBB. 


BB 


Medicago lupulina 











*It is impossible to separate plants into distinct groups with respect to their 
reaction to growth regulators. Some of the plant species included here were tested as 
seedlings treated through the soil; others were sprayed as young or mature plants. 
Differences of opinion found in this table undoubtedly result from such differences in 
testing methods. This grouping represents interpretation by the writer of descriptions 
of experiments published by the workers cited. Materials used in the various tests 
reported include 2,4-dichlorophenoxyacetic acid and its sodium salt in this country, and 
4 chloro-2 methyl] phenoxyacetic acid and its sodium salt in Britain. 


acid or its salts) solutions have been applied to weeds growing in the field. 
The weed species include several biennials and perennials, and the obser- 
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vations involve results of translocation as well as contact toxicity. Concen- 
trations of 0.2 and 0.1 per cent. were used, and most of the plants were large 
and actively growing when treated. Seedlings have proved somewhat easier 
to kill; plants in the late-blossom and seed-forming stages, more difficult. 

This listing of species susceptible and resistant to the action of 2,4—-D is 
a useful index to the weeds that may be treated successfully. It is helpful 
also in indieating the possibility of selectivity in the control of weeds in 
erops. 

Discussion and summary 


Selective killing of certain plant species from mixed plant populations 
is a common phenomenon, and selectivity is based upon many differences. 
Among these are differences in wettability, in exposure of essential plant 
parts such as meristems, in orientation and distribution of leaves, in depth 
and distribution of roots, and in chemical tolerance to certain toxie sub- 
stances. This last type is probably the most promising in selective weed 
control because methods based on chemical tolerance depend largely upon 
composition of the herbicidal material and stage of growth of the plants— 
factors that can be regulated. Wettability, on the other hand, may be largely 
determined by plant characteristics or by weather conditions before and dur- 
ing treatment. Exposure as related to orientation and distribution of plant 
parts is also beyond control, being inherent in the crop or weed species 
involved. 

Introduction of the dinitro compounds, the selective oils, and the growth- 
regulating compounds has greatly enlarged the field for selective control of 
weeds. New crops have been added to the list of resistant species, and more 
will be found in the future. Although increases in toxicity and reduction 
in costs may even yet be effected, greatest promise lies in the broadening of 
selectivity and in the discovery of new crops that submit to selective herbi- 
eidal action. 

Among crop plants, the Cruciferae present one group that should receive 
attention. 

The experimental killing of grass seedlings in wild mustard with an oil 
fraction should offer a good lead to follow. The beet and mangel crops are 
another important, group, and composites of the lettuce type represent a 
third. The control of weedy grasses in these broad-leaved crops would be 
a real advance; and the use of oil fractions warrants trial, since oils seem 
particularly toxic to grasses. 

The dinitro substituted phenols have received detailed study but further 
exploratory work with them, seeking new crop-weed specificities, seems justi- 
fied. Some work on the chlorinated phenols indicates that pentachlorophenol 
and its salts deserve further consideration. Ammonium pentachlorophenate 
offers possibilities as a noncolored selective spray (7) and pentachlorophenol 
is useful as a fortifying agent in oils and oil emulsions. 

The growth regulators offer another great opportunity for testing selee- 
tivity. Although broad-leaved plants seem most susceptible to their action 
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and grasses generally tolerant, results of testing already show a wide differ- 
ence among the former group and some variation among the latter. It seems 
possible that further testing of these compounds in their various combina- 
tions may disclose new and useful specificities among weeds and crops. 

Dozens of growth regulators have already been tried, and many more 
will undoubtedly be synthesized. Since most of these are acids in their 
parent form, each offers opportunity to form metallic salts, esters, amides, 
and the like ; almost innumerable compounds can be synthesized for testing. 
The systematic study of the toxicity and selectivity of these compounds offers 
a great opportunity for practical and scientific application of biochemistry 
and plant physiology in the service of agriculture. 
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NOTE ON THE EFFECT OF UNILATERAL ILLUMINATION 
ON THE TRANSVERSE ELECTRICAL POLARITY 
IN THE AVENA COLEOPTILE? 


A. RB. SCHREANK 


(WITH ONE FIGURE) 


Introduction 


The effect of incandescent light on the electrical potentials of etiolated 
seedlings has been studied by only a few investigators. Water (7) main- 
tained that etiolated seedlings gave little, if any, electrical response when 
illuminated. CuLarK (1), however, has demonstrated changes in the longi- 
tudinal electrical polarity in intact etiolated Avena seedlings when they 
are uniformly illuminated by 600,000 meter-candle-seconds. Isolated Avena 
coleoptile sheaths when illuminated manifest electrical polarity changes 
similar to the intact plants (5). 

Previous experiments have shown that transverse electrical polarities 
with the same orientation with respect to subsequent curvature are estab- 
lished in the Avena coleoptile by gravity (6) and mechanical stimulation 
(3, 4). The present experiments show the effect of unilateral illumination 
on the transverse electrical polarity in the apical region of the isolated 
coleoptile sheath. 

Materials and methods 


Avena satiwa, Victory Strain (C.I. 2020, obtained from the U. 8. Depart- 
ment of Agriculture), was used in these experiments. The procedure for 
sprouting and growing the seedling has previously been deseribed (3, 4, 6). 

A 100-watt General Electric frosted mazda lamp was used as the light 
source. This lamp was housed in a box with the open side facing the coleop- 
tile. The distance between the lamp and the coleoptile was 1 meter. This 
arrangement gave a light intensity of 16 foot-candles (measured with a 
Model 603 Weston Illumination Meter) at the coleoptile position. The tem- 
perature at the coleoptile position was not affected by the light because the 
air in the room was circulated. 

The experiments were performed in an air-conditioned dark room under 
a neon light constructed out of ruby glass tubing. Electrical measurements 
were made with a du Bridge (2) vacuum tube voltmeter using isoelectric 
(+ 0.25 mv.) zine-zine sulphate electrodes. Glass tubes drawn to 1 milli- 
meter in diameter were used as contacts with Shive’s solution in tap water 
as the contact medium. 

Experimental 


Coleoptile sheaths 25 millimeters long isolated from 30 millimeter (+ 1 
mm.) plants were used in all experiments. These were placed in the holder 
and allowed to remain undisturbed in the apparatus for 1 hour before start- 


1 Supported by the University of Texas Research Institute. 
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ing the experiments. E.M.F. and temperature readings were taken for 10 
minutes before the light was turned on. The light was then turned on and 
left on as indicated in figure 1. Curvature measurements were made by 
observing the position of the coleoptile tip on a horizontally placed ocular 
micrometer (4). 
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Fie. 1. Effect of continuous unilateral illumination on an isolated Avena coleoptile 
sheath. A. Changes in the transverse electrical polarity 0.5 millimeter below the apex. 
B. Phototropie curvature of the same sheath. 
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The curve d—a in figure 1, A, shows the changes in the transverse electri- 
cal polarity in an isolated coleoptile sheath 0.5 millimeter below the apex 
when illuminated unilaterally by a light intensity of 16 foot-candles at the 
position of the coleoptile. The curve as plotted shows the electrical varia- 
tion of the contact labelled d with respect to the grounded contact a. The 
opposite sides of the coleoptile, as indicated by the E.M.F. curve for the 
first 10 minutes, are isopotential before illumination. After 10 minutes of 
illumination the contact region d (shaded side) becomes electronegative to 
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the contact region a. This first negative variation was observed in about 
65 per cent. of the experiments performed. The shaded side then becomes 
electropositive to the lighted side. The average maximum electrical polar- 
ity in this series of experiments was 8.2 millivolts. 

The curve in figure 1, B, shows the phototropic bending of the same 
coleoptile whose E.M.F. changes are shown in figure 1, A. This coleoptile 
shows a slight initial negative curvature (away from the light). About 
half of the plants that were used showed this curvature. The positive cur- 
vature (toward the light) in this experiment started 40 minutes after the 
light was turned on. It should be noted that the shaded side of the plant 
becomes electropositive to the lighted side before the bending toward the 
light begins. This was observed in all of the 18 experiments in this series. 

All experiments were performed at 26° C. (+ 1.0) with a variation of 
not more than + 0.3° C. during a single experiment. 

A second series of experiments, in which the contacts were placed 2 
millimeters below the apex, verified the facts shown by figure 1. It is of 
interest to note, however, that the first variation in E.M.F. (shaded side 
electronegative to the lighted side) which is shown in figure 1, A, was never 
observed with the contacts 2 millimeters below the apex. 


Discussion 


The data from these preliminary experiments demonstrate two facts. 
First, continuous unilateral illumination establishes a transverse electrical 
polarity in the apical region of the isolated Avena coleoptile ; the shaded side 
becomes electropositive to the lighted side. Secondly, this transverse elec- 
trical polarity is established before the bending toward the light begins. 
Previous experiments have shown that gravity (6) and mechanical stimula- 
tion (3, 4) cause the coleoptile to establish similar polarities. In all three 
eases the polarity has the same orientation with respect to the subsequent 
curvature. The electropositive side always becomes the convex side. Also, 
in each case, the electrical polarity is established before the curvature begins. 


Summary 


The apical region of isolated coleoptile sheaths establishes a transverse 
electrical polarity when it is unilaterally illuminated. The shaded side 
becomes electropositive to the lighted side. This transverse electrical polar- 
ity is established before the phototropic curvature begins. The orientation 
of this polarity with respect to subsequent curvature is the same as estab- 
lished by gravity and mecahnical stimulation. 
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BRIEF PAPERS 


THE EFFECTS OF AN INCREASE IN PRESSURE ON THE 
ACTION OF DIASTASE IN VITRO 


H.C. Breeztsrs 


To study the effects of an increase in pressure on the action of diastase, 
a pressure pump was acquired. It was one constructed on the tire-pump 
principle and operated in a similar manner. A mereury gauge was used to 
measure the increase in pressure of the atmosphere as it was forced into the 
flasks which contained the diastase mixtures. As soon as the desired pres- 
sure was attained, it was maintained by securely applying strong pinch 
clamps to the rubber tube outlets. Subsequent measurements with the mer- 
cury gauge showed that the pressure was being maintained. 

The technique used here is the same as that described by Eysrer (1). 
The enzyme, diastase of malt Merck (medicinal, U.S.P. 1X), was adsorbed 
upon particles of activated charcoal. The effectiveness of diastase as a 
hydrolytie agent for soluble starch was measured by determining the time 
required to digest a given amount of soluble starch past the last iodine 
staining stage. Dried Norit A kept in a desiccator was the type of activated 
chareoal used (1). The temperature was constantly checked and always 
kept at approximately 25° C. by the use of a water bath. 


Data and results 

In one series (A) of experiments, 50 ml. of 1 per cent. soluble starch, 45 
ml. of distilled water, and 5 ml. of 1 per cent. disatase were mixed and 1 g. 
of Norit A promptly added. To test the influence of auxins, as well as the 
influence of an increase in pressure, indole-3-acetie acid was used in another 
series (B). With auxin, the mixtures had 50 ml. of 1 per cent. soluble 
starch, 40 ml. of distilled water, 5 ml. of a solution containing 500 p.p.m. 
of indole-3-acetie acid (25 p.p.m. in the final mixtures), 5 ml. of 1 per cent. 
diastase, and 1 g. of Norit A. Both series were performed in the dark. In 
each of the two series, three (controls) were subjected to atmospheric pres- 
sure, and three others were subjected to an additional 15 inches (Hg) of 
pressure. The data were as follows: 

Series A (without auxin) 


Controls at atmospheric pressure .......... Close to 360 minutes 

At ‘‘Plus 15 inches Hg’’ pressure ......... °° ae 4 
Series B (with auxin) 

Controls at atmospheric pressure Close to 300 minutes 

At ‘‘Plus 15 inches Hg”’ pressure * Ta ‘ 


This experiment was repeated twice and the data were the same as in 
the original trial. These data indicate that an increase in pressure defi- 
nitely retards diastase activity when it is associated with chareoal. Under 
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increased pressure the diastase appears to become more securely bound to the 
charcoal surfaces. It has been previously determined by the author (1, 2) 
that auxins release diastase from charcoal surfaces to which diastase had 
become adsorbed ; it is thus natural that the presence of auxin should reduce 
the total time for digestion of starch past the last iodine staining stage or 
in other words to increase the rate of digestion by diastase. In the presence 
of auxin, just as in the absence of auxin, an increase in pressure retards 
digestion by diastase. 

The effect of an increase in pressure and the effect of auxins were deter- 
mined, also, for isolated systems of diastase. In the series (C) without 
auxin, 50 ml. of 1 per cent. soluble starch, 48 ml. of distilled water, and 2 ml. 
of 1 per cent. diastase were used. Fifty ml. of 1 per cent. soluble starch, 
10 ml. of a solution containing 500 p.p.m. of indole-3-acetie acid, 38 ml. of 
distilled water, and 2 ml. of 1 per cent. diastase were used in the series (D) 
of tests with auxin. The final concentration of auxin in the mixtures was 
50 p.p.m. Three mixtures were tested in each case. The results were as 
follows: 


Series C (without auxin) 


Controls at atmospheric pressure .................. .. 45 minutes 

At ‘‘Plus 15 inches Hg’’ pressure ...................... ... 36 minutes 
Series D (with auxin) 

Controls at atmospheric pressure .......... uw 60 minutes 

At ‘‘Plus 15 inches Hg’’ pressure .......... . 57 minutes 


Here too the experiment was repeated twice, and the data were very 
closely the same in absolute value and exactly the same in relative or com- 
parative value as for the original trial. These data indicate that an increase 
in pressure definitely accelerates diastase action when the diastase is in iso- 
lated systems; i.e., is not associated with an adsorbing agent like charcoal. 
Auxin in series D retards the action of diastase and the accelerating effect 
of an increase in pressure on auxin mixtures is questionable. The difference 
in the digestive rates with auxin is really not of sufficient magnitude to be 
significant ; but the controls always were slower, and the time required to 
digest a given amount of soluble starch past the last iodine staining stage 
was always greater. 

The retarding effects of an increase in pressure on the digestion brought 
about by diastase associated with charcoal may present a clue as to the 
reason for positive hydrotropism in roots. It is well known that roots 
generally grow, in a soil where there is a moisture gradient, toward a higher 
moisture content. It is known that roots are very sensitive to extremely 
minute differentials of soil moisture. With the slightest difference in the 
moisture content of the soil on the two sides of a very slender root tip the 
root tip normally grows toward the side where the moisture content is 
greater. This would mean that the growth is less on the more moist side 
and greater on the less moist side. The cells on the more moist side would 
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be expected to have a greater water content, and hence a higher turgor 
pressure. The cells on the less moist side would be expected to have less 
water, and hence a lower turgor pressure. Cellular enzymes are associated 
with cellular colloids, perhaps much like the diastase in this paper was 
adsorbed upon activated charcoal. Since it has been found that an increase 
in pressure retards the action of diastase which is associated with activated 
charcoal, the lower turgor pressure on the drier side of the root or rootlets 
would then nicely explain the greater growth on that side, a growth away 
from the drier soil and toward the greater amount of soil moisture. 


Summary 

An increase in pressure accelerates the digestive rate of diastase in iso- 
lated mixtures but retards the digestive rate of diastase associated with 
activated charcoal. The effect of turgor pressure on the activity of cellular 
enzymes associated with cellular colloids may explain the reaction resulting 
in the normal positive hydrotropism of roots. The lower turgor pressure 
on the drier side of a root would nicely account for the greater growth on 
that side, inasmuch as it has been found that the action of diastase associated 
with activated charcoal is inversely proportional to the pressure. 
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RIDGES AND SECTORS INDUCED IN OLIVE FRUITS BY 
FUMIGATION WITH HYDROCYANIC ACID 


WaLtTon B. SINCLAIR AND Davip L. LINDGREN 


In a previous paper (1), the authors have shown that the fumigation of 
citrus trees with hydrocyanic acid (HCN) for pest control, at a time of 
the year when the fruit buds are in a certain stage of development, produced 
ridges and sectors in the outer portion of the peel (flavedo) of the fruit. 
In the navel orange, Valencia orange and grapefruit varieties, fumigation 
of trees in February produced the greatest amount of ridged fruits, but in 
some years extreme ridging of the fruits occurred on trees fumigated the 
latter part of January. In the lemon variety, trees fumigated in February 
produced the highest percentages of fruits with ridges and sectors, but ex- 
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Fie. 1. Ridges on olive fruits (Manzanillo variety) caused by fumigating the tree 
when the fruit was in the bud stage of development. 
tensive field observations have shown that fruits of lemon trees fumigated 
from late January to April, inclusive, were severely affected. Variation 
in the time and rate of bud development of citrus trees in different groves 
and in different years indicated a definite variation in the time of the year 
in which ridging was produced in the fruit by fumigation. The development 
of ridges and sectors on citrus fruits depended mainly upon the stage of 
development of the buds at the time the trees were fumigated. 

Since these results on citrus were published, Mr. A. F. Kirkpatrick, 
working on the development of a program for the control of parlatoria scale 
(Parlatoria oleae Colvee) on olive trees by HCN fumigation, called to the 
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authors’ attention a similar phenomenon on olive fruits (fig. 1). As in 
citrus, the fumigation of olive trees in the spring at a particular and definite 
stage in the development of the bud resulted in ridges and sectors on the 
fruit. The occurrence of this phenomenon on a fruit other than citrus and 
under similar experimental conditions substantiates the published results 
of the authors (1). It is highly suggestive that this phenomenon may 
demonstrate a general physiological effect of HCN if experiments were per- 
formed on a sufficient number of fruit varieties. 
UNIVERSITY OF CALIFORNIA 
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NOTES 


Election of Officers.—The following have been elected as new officers of 
the American Society of Plant Physiologists: President, B. M. Duaaar; 
Vice-president, S. F. Tre~zase; Executive Committee, H. A. Spornr; 
Editorial Board, E. J. Kraus. The terms of office for the president and 
vice-president are for one year. Members of the excutive committee and 
editorial board are elected for three-year terms. 


Meeting of Western Section.—The Western Section of the AMERICAN 
Society or PLant PHysioLogists held a joint meeting with the AMERICAN 
ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE and affiliated societies at 
Reno, Nevada, June 18-20. Eighteen papers were presented including a 
symposium on plant growth relations in saline soils at a biologists’ dinner 
on June 19. A joint session was held on the morning of June 19 with the 
WEsTERN Society or Som Science, the AMERICAN Society ror Horticut- 
TURAL SCIENCE, and the BoranicaL Society or AMERICA. The morning ses- 
sion of June 20 was a joint meeting of the American Socrety or PLANT 
PHYSIOLOGISTs with the AMERICAN Society ror HorticuLTuraL Science. A 
business meeting was held on June 19. The officers of the Western Section 
of the A.S.P.P. are: F. W. Went, Chairman, C. H. Wapteien, Vice-Chair- 
man, ORLIN BIDDULPH, Secretary and Chairman of the program committee. 
Doctors WENT and BippuLpH are also representatives on the Council of 
the Pactric Division of the A.A.A.S. 


Frances Louise Long.—THE AMERICAN Society oF PLANT PHysIOLO- 
GISTs mourns the passing of Dr. Lone who died at Santa Barbara, California, 
on Mareh 17, 1946. 

Dr. LONe spent most of her life with workers in ecology but was drawn 
constantly toward physiological problems and the phases of morphology 
involved in these problems. Her work was only partially expressed in her 
publications, for the work of many of the later years of her life was given 
largely to the laboratory and field work involved in the attempts to under- 
stand the adaptation and origin of plant species. This work was left without 
final interpretation by the death of Dr. CLEMENTs and the death of Dr. Lone 
a few months later. Her experimental work was done largely at Tucson, 
at the Alpine Laboratory near Pike’s Peak, and at the Coastal Laboratory 
at Santa Barbara. She also travelled widely. 

Dr. Lone was born at Madison, Nebraska, September 7, 1885. She 
received her B.A. and B.Sc. degrees from the University of Nebraska in 
1906. In1914 she received a M.A. degree from the University of Minnesota 
and in 1917 a Ph.D. degree from the same institution. She was assistant in- 
structor in botany at the University of Minnesota from 1912 to 1917. In 
1917 she began ecological research for the Carnegie Institution of Washing- 
ton where she served under the direction of Dr. F. E. CLements until he 
retired in 1941. However, she did not stop work at that time but continued 
until a few weeks before her death. 
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In 1915 a study of the effect of six years of desiccation and starvation 
on Ferocactus was published by MacDovaat, Lone, and Brown. In 1919 
Dr. Lona published ‘‘The Quantitative Determination of Photosynthetic 
Activities in Plants.’’ Studies carried on chiefly on Asclepias were pub- 
lished by Haut and Lone under the title ‘‘ Rubber Content of North Ameri- 
can Plants’’ in 1921. Studies of experimental pollination as it dealt with 
insect-flower relations were continued from 1918 to 1925. In 1923 
CLEMENTs and Lone published ‘‘Experimental Pollination, an Outline of 
the Ecology of Flowers and Insects.’’ Other studies included latex and 
lactiverous plants, translocation and storage in autumn, stomatal be- 
havior of giant cactus, calorimetry and adaptation and origin in plants. 
In 1927 MacDoveat and Lone published ‘‘Characters of Cells Attaining 
Great Age.’’ In 1929 Dr. Lona published ‘‘Stomata Which Show Fune- 
tional Movement for a Century,’’ in 1934 ‘‘ Application of Calorimetric 
Methods to Ecological Research’’ and ‘‘The Method of Collodion Films 
for Stomata.’’ CLEMENTs and Lone published ‘‘ Factors in Elongation and 
Expansion under Reduced Light Intensity’’ in 1934 and in 1935 ‘‘Further 
Studies of Elongation and Expansion in Helianthus Phytometers.’’ 

Dr. Lone was a member of the American Association for the Advance- 
ment of Science, the Ecological Society of America, the Botanical Society of 
America, the American Society of Plant Physiologists, and of Sigma Xi. 
She also took an active part in local scientific and social organizations. 


Luther Burbank, A Victim of Hero Worship.—W. L. Howarp. Vol- 
ume [IX of Chronica Botanica, 1945. Chronica Botanica Co., Waltham 54, 
Massachusetts and G. E. Stechert and Co., 31 E. Tenth St., New York City. 
506 pages. $3.75. 


Some twelve years ago Dr. Howarp undertook the preparation of an 
authentic list of all fruits, flowers, vegetables, and tree fruits which the late 
LuTHER BURBANK introduced during the fifty years of his working life. 
The task was difficult because BuRBANK kept no systematic record of what 
he produced and his advertising literature was widely scattered. The 
author personally examined libraries and private collections throughout the 
United States. The value of many of BuRBANK’s productions was deter- 
mined by contacting scientists all over the world. The book contains con- 
siderable new biographical information about BurBANK which sheds light 
on many puzzling questions. 

The leading events of BursBaNnK’s life are discussed objectively, but 
fairly, frankly and without embellishment. The author gives a true and 
complete picture of BURBANK about whom there has been so much contro- 
versy, describing his labors of 50 years in improvement of economic plants 
and listing over 800 new varieties of fruits, flowers and vegetables, many 
of them of permanent value, which BuRBANK produced. The book is an im- 
portant contribution as the biography of BurBANK and as history of plant 





NOTES 373 


breeding. The style is dignified yet interesting, the facts having obviously 
been presented with the impartiality and understanding of a distinguished 
expert. Contents: The background. The man. The nurseryman. The 
scientist. The egoist. The mentor of youth. The unfortunate. The 
pariah (of scientists). The disappointed. The world character. The in- 
dividualist. Ethics. Religion. Foray into science—the CARNEGIE GRANT. 
Admirers. Detractors. BurBANK’s place in the hall of fame. Summary 
of BURBANK’s productions. Aftermath. The BurBanxk family. 


Phosphates and Superphosphates, Second Edition.—A. N. Gray. In- 
terscience Publishers, Inc., 215 Fourth Avenue, New York 3, N. Y. 416 
pages. $7.00. 


This second edition is greatly enlarged from the first, originally published 
in 1930, and furnishes a more complete coverage of the subjects. The author 
is secretary of the International Superphosphate Manufacturers Association 
and is well qualified to prepare a world-wide treatise on phosphates. In- 
eluded are chapters on the world deposits and reserves of phosphate rock 
and other phosphate minerals, and on their production and consumption in 
agriculture and commerce. Other chapters cover the methods and prac- 
tices in the production of normal and concentrated superphosphates, basic 
slag, calcined phosphate, and other phosphate bearing products used in 
world agriculture, their cost of production, and their utilization and con- 
sumption. 

The new edition is well illustrated with 38 pictures, mostly of phosphate 
rock mining methods and machinery for superphosphate manufacture. 
Many tables and analytical data appear throughout the text and in addition 
there are 155 statistical tables on phosphate rock and superphosphate world 
trade. Maps of the phosphate rock deposits of the world are on the inside 
cover. Manufacturers of superphosphate will find this a well-worth-while 
book, valuable not only to the technical and production staff but as a refer- 
ence work for executives in connection with the place of phosphates in world 
economy. 


The Chemistry of the Carbon Compounds.—Volume III, The Aromatic 
Compounds. Victor von Ricuter, and Richarp ANscHuTz, Third English 
edition based on the Twelfth German Edition, translated by A. J. ME. 
Elsevier Publishing Co., 215 Fourth Avenue, New York 3, N. Y. 794 pages. 
$15.00. 


Biologists will welcome volume III of the new English edition of this 
well known treatise. The content has been brought up to date and citations 
are given to original journals and authors instead of to abstracts in the 
Chemisches Zentralblatt. The new arrangement of contents covers two 
major divisions; I. Mononuclear Aromatic Compounds (Benzene Deriva- 
tives) and II. Multinuclear Compounds (Phenyl-benzenes, Polyphenyl- 
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aliphatic-Hydrocarbons, and Condensed Aromatic Ring Systems). The vol- 
ume carries a complete and cross-referenced index of eighty pages. 


Journal of Polymer Science.—Edited by P. M. Dory, R. Houwinx, H. 
Marx, and C. C. Price. Interscience Publishers, Inc., 215 Fourth Avenue, 
New York 3, N. Y. 640 pages. Subscription price $8.50 per year. 


Numbers one and two, Volume I (147 pages) of this new bimonthly jour- 
nal for January and March, 1946, are now available. The new journal is 
an outgrowth of, and a successor to, the Polymer Bulletin which has ceased 
to appear. The new journal is devoted to the advancement of fundamental 
knowledge of the physics and chemistry of polymers, offering to scientific 
workers in this field an opportunity to report experimental and theoretical 
contributions through a centralized medium. It will be the editorial policy 
to encourage freedom of discussion and to provide prompt publication. The 
Journal will publish original papers, review articles, brief communications 
to the editor, and book reviews. It will be international in scope. To this 
end, a number of leading scientists in the field have been invited to form an 
Advisory Board, which represents all the important centers of polymer 
research in the United States and abroad, as well as scientific societies and 
their divisions whose fields of activity are within the scope of the journal. 
The wide ramifications of polymer chemistry into physics, physical chemis- 
try, organic chemistry, colloid chemistry, and biology were taken into ac- 
count in forming the Advisory Board. All papers will be published in 
English. The publishers are willing to provide further information and 
supply sample copies on request. 


Physical Methods of Organic Chemistry.— Volume II, edited by ARNOLD 
WEISSBERGER. Interscience Publishers, Inc., 215 Fourth Avenue, New York 
3, N. Y. 630 pages. $8.50. 


The second volume extends the description of volume I on physical meth- 
ods of importance to organic chemists and biologists. The two volumes of 
this monograph endeavor to assemble the hitherto widely scattered literature 
on physical techniques with a view to relieving investigators of the time- 
consuming burden of bibliographical search. The volume comprises tested 
methods along with a discussion of theoretical considerations necessary for 
understanding and handling of various procedures. Attention is given in- 
formation required for critical evaluation of experimental results. Volume 
II contains sections on Spectroscopy, Colorimetry, Polarimetry, Dipole 
Moments, Conductometry, Polarography, Magnetic Susceptibility, Radioac- 
tivity, Mass Spectroscopy and concludes with a fifty-two page index to vol- 
umes I and II. 


Scientific Progress in the Field of Rubber and Synthetic Elastomers. 
—Volume II of Advances in Colloid Science edited by H. Marx and Z. 8. 
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Wuirtsy. Interscience Publishers, Inc., New York 3, N. Y. 


$7.00. 


This monograph endeavors to collate and evaluate in a single volume the 
extensive literature on natural and synthetic, elastic colloid, high molecular 
weight rubbers and elastomers. An excellent introductory discussion cov- 
ers the rubber state and related nomenclature, natural and synthetic rubbers 
and their compounding. Subsequent sections, all written by specialists, 
cover transition effects in rubber and other high polymers, crystallization 
phenomena, results of studies by X-ray diffraction methods, thermodynamic 
data on rubber'solutions and gels, viscosity measurements, kinetic theory of 
rubber elasticity, vuleanization and rubber photogels. The volume carries 
separate author and subject indexes. 


453 pages. 


An Introduction to Botany.—Second Edition. Edited by ArrHur W. 
Haupt. McGraw-Hill Book Company, Inc. New York and London. 425 
pages. $3.50. 

The new second edition of this well known text covers clearly and con- 
cisely the fundamental facts and principles relating to the structure, funce- 
tions, life relations, and evolution of plants. Designed for a one-semester 
course in botany, the book does not attempt to present an exhaustive treat- 
ment of the subject, but to furnish a foundation upon which more advanced 
studies may be based. Emphasis is placed upon morphology and consider- 
able attention is given to the principal physiological processes. The book 
has been entirely rewritten, and significant new material has been added. 
A feature of the second edition is the list of visual aids—motion pictures 
and film strips—correlated with the material in the text. 
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PREPARATION OF MANUSCRIPTS FOR PUBLICATION IN 
PLANT PHYSIOLOGY 


The following suggestions are made to authors writing papers for this 
journal in order to minimize revisions and editorial corrections. Though 
many points may appear arbitary or trivial, attention to details by authors 
is necessary to secure uniformity of format and style. The membership dues 
and subscription fees go almost entirely to publication costs, as all of our 
editors give their service without financial recompense. Hence the coopera- 
tion of authors in preparation of manuscripts conserves our funds and per- 
mits greater liberality as to length and number of papers published. 

1. In the preparation of typescripts, authors are requested to examine 
a printed copy of the journal of Plant Physiology to note the position of 
headings, general organization, and the methods of citing literature particu- 
larly, in order to bring the script into conformity with the general archi- 
tecture of published papers. 

2. Leave a 3-inch margin at the top of the first page, liberal side margins 
for editorial marks, and double spacing of lines so that there is space for any 
required editorial changes. 

3. Avoid footnotes as far as possible. They are expensive. If you do 
use them, number them with Arabic numerals. 

4. Place your name and figure number on the back of each figure. Do 
not put legends into or on the figure, either front or back. Type all legends, 
properly numbered to correspond to the figures, on a separate sheet of your 
manuscript. Graphs and drawings should be inked with fairly heavy lines 
to insure clarity of text figures after reduction. 

5. Leave headings unscored, scientific names without underlining, ete. 
The editors will take care of all'of these matters in accordance with the 
practice of the journal. Generic names used alone are not italicized. In 
general, do not underscore any lines. 

6. Place each table on a separate page; do not crowd too much material 
into a single table. Note size of printed page (width and length, 4} x 7 in.) 
and gauge tables accordingly, leaving plenty of space in margins and in the 
interior for editorial marks. If at all possible, arrange tabular data hori- 
zontally on the page. Use horizontal lines at top and bottom and in column 
headings, but not in interior of tables. Use vertical lines between columns. 
Spaces (leads) are usually used in the final printed tables to separate sets 
of data. For footnotes to tables use the asterisk, dagger, double dagger, and 
section. Tabular material should be used sparingly. It costs over $12.00 
per page. Authors will be billed for the cost of tabular data and figures in 
excess of 25 per cent. of the total paper. 

7. Place acknowledgments at the end of the paper. The name of your 
institution and its address should also be given at the end of the manuscript. 

8. Use separate pages for the literature cited. Give complete citations, 
author, title, journal name, volume number, inclusive pages, and year. (See 
any literature list in the journal for examples.) Punctuate according to the 
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examples, and leave no citations incomplete. Write out names of states in 
full. Note proper abbreviations of journals. 

An error frequently noted by our editors in manuscripts with long 
bibliographies is the failure to mention in the text all citations listed. 
Authors can assist in this matter by checking off the citations in the bibliog- 
raphy as they encounter reference to them in the body of the text in proof- 
reading copy prior to submission. 

9. Limit the size of all pages, drawings, tables, and photographs to 
standard 84 x 11 inches, or less. 

10. Use mathematical formulae only when necessary, and be conserva- 
tive in the use of space. 

11. Authors will be billed for alterations in the galley proofs involving 
excessive changes from manuscript copy. 

12. Send original copy of manuscript to editor, W. F. Loehwing, Uni- 
versity of Iowa, Iowa City, lowa. Retain a carbon copy to insure against 
loss, and to consult in case of need. We solicit your cooperation in these 
matters to relieve the editors and printers of some of their most frequent 
and costly difficulties. 
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